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of ventilators. Second, we don’t know 
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is likely to catch the infection, with 
some estimates varying between about 
60 and 80 per cent. Third, we don’t know 
to what extent national restrictions, 
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any — is conferred by this virus, and 
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symptoms from a repeat infection. 
With all of these unknowns, the 
numbers you are hearing about death 
tolls, or how long restrictions will be 
in place, or how many people will need 
intensive care, should be taken not just 
with a pinch of salt but with a sack ofit. I 
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Crisis in New York City 


The coronavirus outbreak has hit the city hard and doctors are 
racing to treat the rapidly increasing cases, reports Carrie Arnold 


IN THE US, the focus of the 
coronavirus outbreak last week 
shifted from the West Coast to 
New York City. As of 30 March, 
the city of 8.6 million people had 
38,087 confirmed cases, which 
account for more than a quarter 
of cases in the US, and 914 people 
had died of covid-19. 

In one 24-hour period last week, 
2000 people were hospitalised 
in the city. Most of the positive 
covid-19 test results have been 
clustered in the boroughs of 
Queens and Brooklyn. 

At a press conference on 
25 March, New York City mayor 
Bill de Blasio said these are 
“numbers I can barely even 
comprehend... number{s] that 
would have been unimaginable 


just a couple of weeks ago”. 

In Queens, hospitals and 
emergency rooms have been 
flooded with critically ill covid-19 
patients struggling to breathe. 

“It’s inconceivable. Everything 
we know about medicine is out 
the window,’ says Lisa Epstein, a 
nurse at New York-Presbyterian 
Queens, who is working in the 
hospital’s emergency room. 

Waiting areas have been 
repurposed to treat people with 
covid-19. Beds, chairs, wheelchairs 
and stretchers fill every available 
space. “It’s like a war zone, only 
there’s no blood,” says Epstein, 


who has been a nurse for 40 years. 

New York governor Andrew 
Cuomo said at a press conference 
on 24 March that the city has 
53,000 hospital beds and may 
need as many as 140,000. The 
Javits Center, a convention hall in 
Manhattan, has been converted 
into a temporary field hospital 
with nearly 3000 beds. 

The disaster unfolding in New 
York City is the culmination of 
errors made in the US response 
to the outbreak. Mistakes with 
the initial test kits designed and 
distributed by the US Centers for 
Disease Control and Prevention 
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The choices faced by 
doctors ina ventilator 
shortage 


Hospitals in New York 
City are overwhelmed 
with cases of covid-19 


sparked a weak testing effort 
that has yet to be fully remedied. 

Social distancing, which is key 
to delaying the spread of the virus, 
was slow to be adopted: schools 
closed on 16 March and non- 
essential businesses shut a week 
later. Officials reported the city’s 
first case on 1 March, and declared a 
state of emergency 11 days later. 

The city has now entered its 
second week of lockdown, and 
once bustling streets are deserted. 
Even Times Square is empty. 

It still isn’t clear whether the 
lockdown will stem the viral tide, 
but even ifit is effective, estimates 
suggest that hospitalisations 
won't peak for three weeks 

yet, due to the virus’s long 
incubation period. 

Epstein’s hospital is turning 
away people that would normally 
be admitted so physicians can 
focus on the most seriously ill. 
“Covid, covid... everywhere you 
look, it’s all covid,” she says. 

New York City is experiencing 
shortages of ventilators to help 
the most seriously ill breathe 
when infection overwhelms their 
lungs. Protective gear is also in 
short supply. Epstein has to reuse 
her N95 mask day after day and is 
only issued one gown per day. 

Cuomo said the city will need 
30,000 ventilators at the peak of 
the outbreak. De Blasio has asked 
President Donald Trump to divert 
medical equipment to the city. In 
a Fox News interview on 26 March, 
Trump responded: “I don’t believe 
you need 40,000 or 30,000 
ventilators. You go into major 
hospitals sometimes, and they'll 
have two ventilators. And now, all 
ofa sudden, they’re saying, ‘Can 
we order 30,000 ventilators?’” 

Epstein calls this a disregard 
for human life in the city, adding: 
“I very much think things are just 
going to get worse.” 


4 April 2020 | New Scientist | 7 


News Coronavirus 


Infection 


Puzzle over viral load 


We don’t yet know if being exposed to more coronavirus particles 
leads to more severe covid-L9 symptoms, reports Linda Geddes 


RUMOURS circulating on 

social media suggest that those 
exposed to more particles of the 
coronavirus have a higher viral 
load and become sicker than 
other infected people. But the 
relationship between infection 
and severity may be more 
complex in covid-19 than in 
other respiratory illnesses. 

The average number of viral 
particles needed to establish 
an infection is known as the 
infectious dose. We don’t know 
what this is for covid-19 yet, but 
given how rapidly it is spreading, 
it is probably relatively low — 
around a few hundred or 
thousand particles, says Willem 
van Schaik at the University of 
Birmingham, UK. 

Viral load, meanwhile, relates 
to the number of viral particles 
carried by an individual and shed 
into their environment. “The viral 
load is a measure of how bright 
the fire is burning in an individual, 
whereas the infectious dose is the 
spark that gets that fire going,” 
says Edward Parker at the London 
School of Hygiene & Tropical 
Medicine. If you have a high 
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viral load, you are more likely to 
infect others, because you may be 
shedding more virus particles. Yet 
for covid-19, it doesn’t necessarily 
follow that a higher viral load will 
lead to more severe symptoms. 
For instance, health workers 
investigating the outbreak in the 
Lombardy region of Italy looked 


at more than 5000 infected people 


and found no difference in viral 
load between those with covid-19 
symptoms and those without 
(arxiv.org/abs/2003.09320). 
Similarly, when doctors at the 


Being exposed to more 
viral particles may not 
result in worse symptoms 


Guangzhou Eighth People’s 
Hospital in China took throat 
swabs from 94 covid-19 patients, 
starting on the day they became ill 
and finishing when no virus could 
be detected, they found no clear 
difference in viral load between 
those with milder cases and those 
who had more severe symptoms 
(medRxiv, doi.org/dqbr). 
Although it is difficult to draw 
firm conclusions at this stage, 
such studies “may impact our 
assumptions about whether a 
high number of viral particles 
predisposes to a more serious 
disease”, says van Schaik. 
However, a study of people 
hospitalised with covid-19 in 
Nanchang, China, found a strong 
association between severity and 
the amount of virus present in 
the nose (The Lancet Infectious 
Diseases, doi.org/dqrr). “Those 
with more severe disease hada 
higher level of virus replication, 
although we have no evidence to 
relay the initial exposure dose to 


disease outcome,” says Leo Poon 
at the University of Hong Kong, 
who was involved in the study. 
“That rumour is still an open 
question to me.” 

Itis early days, but ifthe 
infectious dose doesn’t correlate 
with the severity of symptoms, 
this would mark covid-19 out 
as different to some other 
infections. For influenza, a 
higher infectious dose has been 
associated with worse symptoms. 
This has been tested by exposing 
volunteers to escalating doses of 
influenza virus in a controlled 
setting and carefully monitoring 
them over several weeks. Covid-19 
is unlikely to be tested in a similar 
way, given its severity. 

Animals infected with higher 
doses of the SARS and MERS 
coronaviruses also experienced 
worse outcomes, says van Schaik. 

Even if the infectious dose isn’t 
related to disease severity, it still 
pays to minimise our exposure to 
the virus because this will reduce 
our chances of falling ill in the 
first place. “Any measures we 
can take to avoid infection are 
worth taking,” says Parker. # 


Seasonality 


Will warmer spring 
weather slow down 
the rate of spread? 


IN THE northern hemisphere, as 
winter ends, cases of seasonal flu 
dwindle. Could the same happen 
with covid-19? 

Flu surges in winter for three 
reasons. First, the virus is more 
stable in cold, dry conditions 
with low levels of ultraviolet light. 
Second, people spend more time 
together indoors, which facilitates 
viral spread. Third, our immune 
systems may be weakened due 
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to the mild vitamin D deficiency 
a lack of sunlight can cause. 

In theory, these factors could 
also cause the covid-19 virus to 
dampen down in spring. But we 
don’t know if this will happen, and 
the evidence so far is conflicting. 

In a study posted online in 
February, researchers at Harvard 
University looked at the effects 
of temperature and humidity on 
the transmission of the virus in 
China, Thailand, Singapore, Japan, 
South Korea and Taiwan, based 
on weather reports and data 
on covid-19 incidence between 
23 January and 10 February. 


They found no significant 
difference in transmission rates 
between cold and dry provinces 
of China and tropical ones, as 
well as Singapore, concluding 
that higher temperature and 
humidity “will not necessarily 
lead to declines in case counts” 
(medRxiv, doi.org/dqsn). 

But most other studies of the 
impact of warm weather on the 
virus have discovered the opposite. 


“In theory, the factors 


that cause seasonal flu to 
surge in winter could also 
dampen down covid-19” 


These include one that examined 
every global confirmed case up 

to 29 February, which found that 
higher temperatures are associated 
with lower disease incidence 
(medRxiv, doi.org/dqsp). 

Researchers say any conclusions 
are provisional due to limited data. 
“Seasonality is difficult to predict,” 
says Francois Balloux at University 
College London. 

For now, the World Health 
Organization says on its website 
that the virus can be transmitted 
in all areas, "including areas with 
hot and humid weather”. 
Graham Lawton 


Zoonosis 


The hunt to find the coronavirus 
pandemic’s patient zero 


Donna Lu 


AS THE world fights to tackle the 
covid-19 pandemic, a mystery 
remains: how and when did the 
virus cross over into humans? 
Doubt has been cast on the idea 
that it happened in the Huanan 
Seafood Market in Wuhan, China, 
in December, and now researchers 
are trying to identify the real 
source of the infection. The hope 
is that this knowledge could help 
prevent future pandemics 
of other new coronaviruses. 
According to a study of the 
first 41 people hospitalised with 
covid-19 published in January (The 
Lancet, doi.org/ggjfnn), the first 
case of covid-19 was aman who 
showed symptoms on1 December 
2019. Unlike the majority of 
early cases, he had no links to 
the Huanan Seafood Market. 
Since then, no one has been 
able to confirm where he caught 
the virus, or if he was even the first 
person to contract it. Another 
January analysis, of the first 
425 covid-19 cases, conducted by 
the Chinese Center for Disease 
Control and Prevention and China’s 
National Health Commission, 
placed the first confirmed case 
a week later, on 8 December. 
But subsequent evidence 
hints that the outbreak probably 
began before December. Viral 
genome analyses suggest that 
the virus jumped from animals 
to humans in November (The 
Lancet, doi.org/ggp6gz), but it 
could have happened as early 
as late September (Journal of 
Medical Virology, doi.org/ggjvv8). 
This is consistent with the South 
China Morning Post report on 
Chinese government documents 
that suggested the earliest case of 
covid-19 may have been a 55-year- 
old person from Hubei province 
who seems to have contracted 
the virus on 17 November. 
The first cases to be flagged, 
in December, were reported by 
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Wuhan doctors using a 
surveillance protocol designed 
to pick up pneumonias with 
unknown causes. The system was 
set up after the 2002-2003 SARS 
outbreak, to detect new viruses. 

Following this, New Scientist 
understands that early efforts by 
Chinese authorities to identify 
covid-19 cases focused only on 
people with viral pneumonia 
who had traceable links or contact 
with the Huanan market. 

This focus on pneumonia may 
mean that many milder early 
cases were missed. By December, 
infections had probably already 
spread outside Wuhan. A study 
of six children who contracted the 
covid-19 virus identified a girl who 
developed symptoms on 2 January 
(NEJM, doi.org/ggpxpr). She and 
her family live in Yangxin, more 
than 150 kilometres from Wuhan. 
None of them had travelled 
outside the county fora month 
before she became ill, and the 
researchers weren't able to 
identify how she became infected. 


The role of Wuhan’s Huanan 
Seafood Market in the virus 
outbreak is still unknown 


One explanation for this could 
be that the virus has jumped into 
humans from animals several 
times. Bats are thought to be 
the reservoir of the covid-19 virus, 
but Richard Kock at the Royal 
Veterinary College in London 
says catching it from a chance 
encounter with a bat is unlikely. 
Amore probable scenario is that 
other animals may have acted 
as intermediaries, amplifying 


“The risk of new viruses 


emerging has enormously 
accelerated. We have 
to get a grip on that” 


the virus and enabling it to infect 
multiple humans in a method 
of trial and error, he says. 

The covid-19 virus appears to be 
able to infect a range of hosts —lab 
studies have found that it readily 
infects rhesus macaques and 
ferrets. Sunda pangolins have 
been suggested as an intermediate 
host because they harbour 
coronaviruses similar to the 
covid-19 virus. So far, genetic 
analysis has found viruses in 
pangolins that area more than 
go per cent match for the covid-19 


virus, but none similar enough 
to be the direct precursor (Current 
Biology, doi.org/dqsk). 

The role the Huanan market 
may have played in enabling the 
virus to cross over into people 
is now uncertain. “The problem 
is that most samples in the 
Huanan Seafood Market have 
been destroyed,” says Shan-Lu Liu 
at the Ohio State University. 

“It’s still a possibility that the 
environmental contamination 
in the seafood market was from 
infected humans who were 
working there, rather than 
from an animal source,” says 
Benjamin Cowling at the 
University of Hong Kong. 

The market is also one of 
40o in Wuhan. “If there was 
an amplifying population of 
animals that were then supplying 
400 markets, plus directly to 
restaurants, [there’s] a huge 
capacity for [crossover] events 
to take place,” says Kock. 

Now that human-to-human 
transmission has spread the virus 
worldwide, some believe the hunt 
for patient zero —the first person 
infected in the outbreak — is of 
relatively little importance. 

“At our stage of the epidemic, 

it’s not really the prime focus 

to know where it comes from,” 
says Julien Riou at the University 
of Bern, Switzerland. 

But Kock says identifying the 
source of the outbreak is crucial, 
given that three coronaviruses — 
the SARS, MERS and covid-19 
viruses — have all emerged since 
2002. “In evolutionary terms, that’s 
in microseconds,” he says. “The 
risk of these things happening 
has enormously accelerated. 

We have to get a grip on that.” 

Knowing more about the event 
that led to the covid-19 virus 
spreading to humans could help 
us figure out how to stop it from 
happening again, says Cowling. # 
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Environmental effects 


Our pandemic response is cutting emissions, but it isn’t a climate change fix 


Adam Vaughan 


PEOPLE in Chinese cities usually 
plagued by harmful air pollution 
are breathing far cleaner air. 
Boat-free canals in Venice, Italy, are 
clear enough to see fish. And for the 
quarter of the global population 
now living under a coronavirus 
lockdown, a lack of cars and planes 
has made the world quieter and 
birdsong more apparent. 

While there are signs of easing 
pressure on the environment, no 


credible environmentalists saythe “What happens after the 
pandemic subsides will be 
key to deciding the event's 
impact on climate change” 


response forced by the pandemic 
is a solution for the challenges 

the world faces on climate change, 
pollution and biodiversity loss. 

“The crucial thing to observe is 
this is happening in an unplanned, 
chaotic way that’s hurting people’s 
lives. You'd never advocate for 
such a thing in climate policy,” 
says Sam Fankhauser at the 
London School of Economics. 

One clear impact has been on air 
quality. Satellite observations by 
Europe’s Copernicus Atmosphere 
Monitoring Service (CAMS) found 
that China saw a 30 per cent drop in 
February in two key air pollutants, 
nitrogen dioxide (NO,) and 
particulate matter. In Italy, they 
fell by 40 to 50 per cent in March. 

“There is no precedent to 
something like this,” says Vincent- 
Henri Peuch at CAMS. He thinks 
the closest historical parallels for 
such dramatic drops are the 2008 
Olympic games in Beijing, when 
China took drastic steps to fight 
pollution, and after the fall of the 
Berlin Wall, when industries in 
the former East Germany installed 
cleaner technology. 

It is too early to detect pollution 
falls linked to the pandemic in 
other parts of the world, says 
Peuch. That is because changes 
in the weather mean pollution 


Venice’s canals are 
benefiting from the 
absence of boats 
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levels vary naturally from day 
to day and year to year. Another 
complicating factor is that more 
people may have taken to cars due 
to limits on public transport ahead 
of lockdowns, potentially pushing 
up pollution for atime, says Peuch. 
There may be negatives for air 
quality efforts too. London, which 
has the UK’s worst NO, pollution, 
has temporarily suspended its 


Ultra Low Emission Zone to help 
key workers move around. The 
scheme’s revenues are usually 
reinvested into clean air efforts. 
In the long run, the economic 
hit may hamper efforts to improve 
air quality, such as car-makers 
having less to invest in cleaner 
models. “The pressure on public 
finance, but also on private 
companies’ finance, might make 
implementing those needed 
investments over the longer 


term even more difficult,” says 
Hans Bruyninckx at the European 
Environment Agency. 

The pandemic will certainly 
have consequences for climate 
change (see page 23). Planes 
grounded across the globe are 
no longer contributing to global 
warming, but record atmospheric 
concentrations of CO,, which 
climbed to a new high in February, 
are unlikely to reverse. Experts 
say it is too early to detect any 
short-term impact in March 
from coronavirus responses. 

However, observers think that 
global CO, emissions are likely 
to drop in 2020, ending several 
years of slow growth. “This year, 
Iexpect the emissions to decline 
significantly. But, in my view, 
this is not a reason to be happy. 
Emissions are going down for the 
wrong reasons,” says Fatih Birol at 
the International Energy Agency. 

Based on existing economic 
forecasts, they will fall at least 
0.3 per cent, but probably much 
more, according to Glen Peters 
at the Center for International 


Climate Research in Norway. 

A separate estimate by the 
Breakthrough Institute is for a fall 
of 0.5 to 2.2 per cent. But annual 
drops of 7.6 per cent are needed to 
keep global warming below1.5°C, 
according to the United Nations. 

What is clear is the big effect on 
the energy sector, which is by far 
the largest source of global carbon 
emissions. With many industries 
and services shut down, every 
country in Europe has seen 
electricity demand fall 2 to 7 per 
cent week-on-week, climate 
think tank Ember has found. 

Oil and gas firms are scaling 
back new exploration and 
production projects by $131 billion 
this year in the face of very low, 
sub-$30 per barrel oil prices. That 
brings fossil fuel returns in line 
with renewable energy projects, 
making those green alternatives 
look more attractive. 

What happens after the 
pandemic subsides will be key to 
the overall climate change impact. 
After the 2008 financial crash, 
global emissions leapt nearly 
6 per cent in 2010, wiping out the 
fall resulting from the episode, 
as governments pumped in public 
money to assist economies. That 
is why debate is raging in the US, 
Europe and elsewhere over 
coronavirus stimulus measures 
and bailouts for carbon-intensive 
sectors such as airlines. 

“Governments should use this 
moment of unexpected paralysis 
to prepare economic recovery 
packages that accelerate clean- 
energy systems,” says Christiana 
Figueres, who was UN climate 
chief when the Paris deal was 
agreed in 2015. Laurence Tubiana, 
who asa French diplomat also 
played a key role in the deal, wants 
“green strings” to any stimulus, 
such as car-makers having to 
produce more electric models. 

Travel curbs are also making it 


hard for the UK and other nations 
to conduct diplomacy to elicit 
more ambitious carbon-cutting 
plans from countries ahead of 
November’s UN climate summit, 
says Tubiana. Those plans are 
crucial for closing the gap between 
the catastrophic 3°C-plus of 
warming we are on track for 

and the 1.5°C limit. 

Further environmental impacts 
from the pandemic might seem 
trivial but could still be significant, 
says Bruyninckx. One isa 
reduction in noise pollution for 
millions of people. The other is 
an easing of the stress on water 
supplies in some areas because 
of less tourism and industrial 
activity. By comparison, any 
extra water consumption from 
handwashing to tackle the virus 
will be negligible, says Bruyninckx. 

In Venice, the canals may simply 
be clearer because boats aren’t 
stirring up sediment from the 
city’s lagoon and canals. Without 
measurement, it is impossible to 
say if water quality is better, says 
Davide Tagliapietra at the Institute 
of Marine Sciences, Venice. 

Farming may yet be affected 
by the pandemic too. In the UK, 
the National Farmers’ Union says 
there has been no intensification 
of food production to make up for 
a slowing of imports. But growers 
who rely on seasonal workers 
to pick fruit and vegetables are 
“extremely concerned” about 
recruiting them this year, with 
the risk of food going to waste. 

Whatever the crisis’s lasting 
environmental impact, Figueres 
says one lesson is the reminder 
that prevention is better than cure. 
That is true for both planetary and 
human health, she says. “We are 
better off preventing the worst 
impacts of climate change, 
rather than trying to deal with 
what will become unmanageable 
consequences.” ff 
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Analysis Coronavirus testing 


Home testing is no quick fix UK prime minister Boris Johnson 
Says antibody tests for covid-19 are a game changer, but they 
may not do much in the short term, argues Michael Le Page 


THE UK has ordered 3.5 million 
antibody tests designed to reveal 
whether people have been 
infected with the new coronavirus. 
The UK's prime minister, 

Boris Johnson, who last week 
announced that he has tested 
positive for the virus, has said 
these tests will be a “game 
changer”, but the reality is they 
might not have that much of an 
impact in the short term. 

Almost all testing for the virus 
around the world is based on 
looking for its genetic sequence. 
But such tests require nose or 
throat swabs to be taken by 
trained personnel and sent to 
a specialised lab for analysis, 
and there is a global shortage 
of equipment. Genetic tests also 
detect only active infections. 

Antibody tests, by contrast, 
detect the antibodies our bodies 
produce to kill the virus, which 
we keep producing even after the 
virus is eliminated. These tests 
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Minutes to get a result from 
a handheld covid-19 test 


can reveal who has been infected 
even after they have recovered. 
Handheld tests that require only 
a drop of blood can give results 

in 10 minutes, and can be mass 
produced quickly and cheaply. 

If we know someone has had 
the virus, they can potentially 
leave their home without the 
risk of being reinfected, which 
would help countries get moving 
again — although we don’t yet 
know whether it is possible to be 
infected a second time. However, 
the accuracy of the tests has yet 
to be established. “The one thing 
that’s worse than no test is an 
inaccurate test,” Chris Whitty, the 
UK's chief medical adviser, said on 
25 March. Someone wrongly told 
they had already had covid-19 
could go out and get infected. 
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Diagnostic tests in 
South Korea, which 
has tested extensively 


How accurate do the tests need 
to be? “It’s very difficult to say,” 
says Emily Adams at the Liverpool 
School of Tropical Medicine in 
the UK, who is helping assess the 
tests developed by Mologic, one of 
the companies supplying the UK. 
Part of that process will be working 
out what accuracy is required 
for different uses, says Adams. 

Ideally, we want to find 
out whether the thousands of 
health workers who are currently 
self-isolating because they 
or someone else in their home 
have symptoms that might be 
covid- 19 can get back to work. 
Unfortunately, the antibody test 
may not help with this. 

The antibody response to 
the coronavirus may be delayed 
compared with other infections. 
The tests can be used only 
14 days or more after people 
develop symptoms, says Adams. 

This also means antibody 
testing will be of limited use for 
tracing the contacts of infected 
people — which many think is 
crucial for controlling the 
outbreak — because health 
authorities will be weeks behind. 

Widespread antibody testing 
will also reveal whether large 
numbers of mild infections have 
gone unnoticed. If so, this would 
mean the infection fatality rate is 
lower than thought. Unfortunately, 
places like South Korea that have 
been doing lots of genetic testing 
haven't found vast numbers of 
mild cases. 

On the plus side, many groups 
are working on faster genetic tests 
and antigen tests that can detect 
the virus in, Say, Saliva. Testing 
widely both for active infections 
and past infections should be a 
highly effective combination. # 
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News Coronavirus 


Analysis Treatment 


Who will get ventilators in a covid-19 crisis? If there is a shortage 
of breathing machines, doctors and ethicists say priority should go to 
people with the best chance of recovery, reports Alice Klein 


THE coronavirus pandemic has left 
doctors around the world facing 
agrim decision: who will be put 
on potentially life-saving machines 
if there aren't enough to go round? 

According to data from China, 
about 2 per cent of people infected 
with the covid-19 virus needed 
a ventilator, which helps patients 
breathe by pumping air with extra 
oxygen via a tube into their lungs. 

It normally takes a few weeks for the 
immune system to clear the virus so 
they can breathe on their own again. 

In Italy, which has among the 
highest number of covid- 19 
cases, recent guidelines recommend 
that, if demand outstrips supply, 
ventilators should be preferentially 
given to people with the best 
chance of recovery and the most 
years to live. 

The UK, Australia and New 
Zealand have similar guidelines. 
This approach reflects an ethical 
framework called utilitarianism that 
aims to bring about the most good 
for the greatest number of people, 
says philosopher Julian Savulescu 
at the University of Oxford. 

However, making these choices 
will be difficult because we still don’t 
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Ventilators feed air into the 
lungs of people severely 
affected by covid-19 


understand who has the best chance 
of surviving covid- 19, he says. 
One way around this may be 
to implement a “trial of treatment” 
approach, he says. You could put 
a person in need on a ventilator 
for a designated period, say a week, 
to see how they respond, before 
deciding whether to give it to 
someone who may benefit more. 
This obviously has implications 
for the patients involved, but it 


also has some for the doctors, 
says medical ethicist David Hunter 
at Flinders University in Australia. 
“Psychologically, that would be 
very tough on clinicians,” he says. 


Front-line doctors and nurses who 


become seriously ill with covid- 19 
should be given preferential access 


to ventilators so they can recover and 
help others, according to a statement 


by an international group of doctors 
and medical ethicists. This is the 
right call, says Hunter. “Healthcare 
workers are putting themselves at 
risk, so there’s an obligation to take 
care of them," he says. 


Other tough questions are 
whether to prioritise people with 
children or other dependants, or 
what to do if two people in the 
same circumstances both need a 
ventilator but only one is available. 

In the latter situation, a lottery 
system may be the only way to 
make the decision, says bioethicist 
Wendy Rogers at Macquarie 
University in Sydney. 

Many nations may struggle to 
meet the demand for ventilators. 
For example, the US is thought to 
have around 170,000 machines, 
but it is estimated that 240,000 to 
5.25 million people in the country 
could need a ventilator during the 
pandemic. In the UK, which has 
about 8000 ventilators, it is 
estimated that between 48,000 
and 1 million people may require 
one. In Australia, which has 2000 
ventilators, between 18,000 and 
400,000 people may need one. 

All three countries are trying to 
import and build more machines. 
If they can’t, their decisions should 
be made transparent and guidelines 
kept flexible, says Savulescu. 
“There's no simple set of rules 
you can follow,” he says. # 


Viral transmission 


Should you 
disinfect your 
online shopping? 


PEOPLE who are self-isolating 
are increasingly relying on grocery 
deliveries. This raises a new worry: 
whether delivered goods carry 
the new coronavirus. Research 
suggests it can spread via particles 
in the air, but also via surfaces. 
How long can it survive and how 
can we protect ourselves? 
Covid-19 is a respiratory illness 
and is largely transmitted via drops 
in the air from coughing or sneezing, 
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says John Lednicky at the University 
of Florida. The new virus has also 
been found to persist on surfaces. 
A team led by Vincent Munster at 
the US National Institute of Allergy 
and Infectious Diseases in Montana 
found it may survive on plastic and 
stainless steel for up to 72 hours. 
But other research suggests that 
SARS and MERS, which are similar 
coronaviruses, can persist on metal, 
glass and plastic for up to nine days. 
Research by the US Centers for 
Disease Control and Prevention 
suggested that traces of the new 
virus could be on surfaces for even 
longer: its RNA was detected in 


cabins of people who had vacated 
the Diamond Princess cruise ship 
17 days earlier, including those 
without symptoms. 

This doesn’t necessarily mean 
these virus particles could still infect 
other people, says Lednicky. How 
long virus particles remain viable 
depends on various factors. Those 
coughed or sneezed out may be 
covered in a layer of mucus that 
helps them survive better. 


“The new coronavirus has 


been detected on surfaces 
for days, but it may not 
necessarily be infectious” 


Surface survival may also be 
affected by UV light, which can 
destroy the ability of some viruses 
to reinfect us. Heat and higher 
humidity can also inactivate viruses. 

Is it worth trying to disinfect your 
shopping? Lednicky doesn’t think 
so. Most household cleaning 
products won't kill coronaviruses, 
he says. Even if you use one that 
does, you’re unlikely to be able 
to clean every nook and cranny 
of, for example, a bunch of grapes. 
It is more practical to practise social 
distancing and good personal 
hygiene, he says. ff 
Jessica Hamzelou 
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News 


Artificial intelligence 


Mind-reading Al turns thoughts 
into words using a brain implant 


Jason Arunn Murugesu 


AN ARTIFICIAL intelligence can 
accurately translate thoughts 
into sentences, at least fora 
limited vocabulary of 250 words. 
The system may bring usa step 
closer to restoring speech to 
people who have lost the ability 
because of paralysis. 

Joseph Makin at the University 
of California, San Francisco, and 
his colleagues used deep learning 
algorithms to study the brain 
signals of four women as they 
spoke. The women, who all 
have epilepsy, already had 
electrodes attached to their 
brains to monitor seizures. 

Each woman was asked to read 
aloud from a set of sentences as 
the team measured brain activity. 
The largest group of sentences 
contained 250 unique words. 

The team fed this brain activity 
to aneural network algorithm, 
training it to identify regularly 
occurring patterns that could 
be linked to repeated aspects 
of speech, such as vowels or 
consonants. These patterns 
were then fed to a second neural 
network, which tried to turn them 
into words to form a sentence. 
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Each woman repeated the 
sentences at least twice, and the 
final repetition didn’t form part 
of the training data, allowing the 
researchers to test the system. 

Each time a person speaks the 
same sentence, the brain activity 
associated will be similar but not 
identical. “Memorising the brain 
activity of these sentences 
wouldn't help, so the network 
instead has to learn what’s similar 


An Alis using brain activity 
patterns to predict the words 
we are thinking of saying 


about them so that it can generalise 
to this final example,” says Makin. 
Across the four women, the Al’s 
best performance was an average 
translation error rate of 3 per 
cent (Nature Neuroscience, DOI: 
10.1038/S41593-020-0608-8). 
Makin says that using a small 
number of sentences made it 
easier for the AI to learn which 


words tend to follow others. 

For example, the AI was able to 
decode that the word “Turner” 
was always likely to follow the 
word “Tina” in this set of sentences, 
from brain activity alone. 


The team tried decoding the 
brain signal data into individual 
words at atime, rather than whole 
sentences, but this increased the 
error rate to 38 per cent even for 
the best performance. “So the 
network clearly is learning facts 
about which words go together, 
and not just which neural activity 
maps to which words,” says Makin. 

This will make it hard to scale up 
the system to a larger vocabulary 
because each new word increases 
the number of possible sentences, 
reducing accuracy. 

Makin says 250 words could 
still be useful for people who can’t 
talk. “We want to deploy this in 
a patient with an actual speech 
disability,” he says, although it 
is possible their brain activity 
may be different from that of 
the women in this study, making 
this more difficult. 

Sophie Scott at University 
College London says we are along 
way from being able to translate 
brain signal data comprehensively. 
“You probably know around 
350,000 words, so it’s still an 
incredibly restricted set of speech 
that they’re using,” she says. 


Biotechnology 


Soya plus cow cells 
makes artificial beef 
with ameaty texture 


LAB-grown “beef” is being made 
by culturing cow muscle cells 
within a spongy scaffold of soya 
bean protein. 
Prototypes of this cultured 
meat have passed initial taste tests, 
says developer Shulamit Levenberg 
at Aleph Farms in Ashdod, Israel. 
The idea behind cultured beef 
is that it could be as tasty as real 
meat without any animals having 
to be killed. It may also be better 
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for the environment, although 
this isn’t clear. 

Cultured meat development 
has taken off in the past few years, 
with about 50 companies now 
attempting to perfect a recipe. 
A few have got to the stage 
of creating prototype samples 
for tasting, but nothing is yet 
on offer in shops or restaurants. 

Aside from the high cost of 
growing biological tissue in a 
dish, one problem is that meat 
doesn’t just consist of muscle 
cells. In animal flesh, these cells 
sit within a supporting scaffold 
of extracellular protein, which 


has to be mimicked to give the 
product a similar texture to real 
beef. “You want to recreate the 
tissue as it is in the animal,” says 
Elliot Swartz at the Good Food 
Institute in Washington DC. 

At the moment, cultured meat 
uses a SCaffold that is often derived 
from beef gelatin, a collagen protein 
obtained by boiling carcasses from 
slaughterhouses. This is a problem if 
vegetarians are your target market. 


“Three volunteers who 
tasted it said it replicated 
the sensation and 
texture of a meat bite” 


Now Aleph Farms may have 
found an alternative: textured soya 
protein, which is a by-product of 
soya-bean oil manufacture and is 
already used in many vegetarian 
substitutes for meat. 

The team grew cow muscle 
and blood vessel cells on a spongy 
scaffold of soya protein, then baked 
or fried small morsels of the fake 
meat (Nature Food, DOI: 10.1038/ 
s43016-020-0046-5). 

Three volunteers who tasted 
the cultured meat said it replicated 
“the sensation and texture of a 
meat bite”, the researchers said. If 
Clare Wilson 
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Mars awash with water 


Clues found to ancient hot springs and existing hidden reservoirs 


Leah Crane 


MARS is full of water, and may 
once have been home to hot 
springs. The more we observe the 
planet, the more we learn about its 
damp past and largely icy present, 
both of which could guide human 
exploration in the future. 

We know that billions of years 
ago, Mars was probably warm 
enough to maintain liquid water 
on its surface. By comparing 
images of strange, oval-shaped, 
bright areas on Mars with similar- 
looking terrain on Earth, Dorothy 
Oehler at the Planetary Science 
Institute in Arizona and her 
colleagues have found that ancient 
Mars may have had hot springs. 

These areas have been 
spotted inside a crater. From 
their irregular shapes and 
bright, concentric ellipses, the 
researchers concluded that they 
appear to be places where fluid 
seeped up from underground. 
These could be prime places to 
look for evidence of past life. The 
hot liquid may have been released 
by the impacts that formed craters, 
which is how similar-looking hot 
springs can be made on Earth. 

The work was due to be 
presented at the now cancelled 
Lunar and Planetary Science 
Conference (LPSC) in Texas. 

“If these were hot springs, 
looking at them could potentially 
tell us something about habitable 
environments,” says Jessica Barnes 
at the University of Arizona. They 
could have been the best places 
for life to develop on Mars. 

While it isn’t clear whether 
there is still any liquid water 
beneath Mars’s surface, there 
are water molecules bound up 
in the chemical structure ofits 
rocks. Barnes and her colleagues 
used data from Martian 


A bright patch of water 
ice ina crater near the 
Martian north pole 


meteorites — rocks that chipped 
off Mars and landed on Earth- 
to determine where that water 
came from (Nature Geoscience, 
DOI: 10.1038/s41561-020-0552-y). 
They expected to find similar 
chemical signatures in all of the 


meteorites, because many models 


predict that Mars should have 


50 


Water layer, in micrometres, on 
Mars if all its vapour condensed 


been completely covered ina 
magma ocean shortly after it 
formed. Such an ocean would 
have mixed the planet’s mantle 
so that it became homogenous. 
But there were some that were 
different from all the others, 
which might mean that the 
magma ocean didn’t cover the 
entire surface. This suggests there 
may be multiple reservoirs of 
water locked up beneath Mars. 
“Different parts of the interior 
have different signatures,” says 
Barnes. “Maybe these different 
sources of water are telling us 


something about the building 
blocks of Mars.” 

Another way to learn about 
the interior of the planet is by 
examining the ice caps, which 
are a mixture of frozen water and 
carbon dioxide. Adrien Broquet 
at the University of Céte d'Azur in 
France and his colleagues took a 
look using radar and elevation 
data, in work also due to be 
presented at LPSC. 

When a huge ice cap forms on 
the surface ofa planet, it presses 
down on the ground beneath it. 
How much the ground sinks 
depends on the temperature — 
if the subsurface is cold, it is 
more rigid and sinks less easily 
than ifit is warm. 

“The north polar cap, even 
though it is really big, it barely 
deforms the surface at all,” says 
Broquet. This might mean that 
there are fewer of the radioactive 
elements that produce heat inside 


the planet than we thought, he says. 


Broquet and his team also 
found that Mars’s north pole 
seems to contain a surprising 
amount of frozen carbon dioxide, 


about 10 times that found at the 
south pole. That is difficult to 
account for under current 
models of the Martian climate. 

One reason we don’t expect 
to have much carbon dioxide 
near the north pole is that in 
the summer it should turn into 
vapour and then come down as 
frost in cooler areas. 

The same process happens on 
cool nights with water vapour, 
both on Earth and on Mars. We 
have only ever seen Martian frost 
directly at relatively high latitudes, 
where the air tends to be colder 
and more humid. “If we were able 
to squeeze all the atmospheric 
water vapour onto the ground 
and make it liquid, we would form 
a layer of about 50 micrometres,” 
says German Martinez at Los 
Alamos National Laboratory 
in New Mexico. That’s about 
1000 times less water than 
Earth’s atmosphere has. 

In their LPSC paper, Martinez 
and his colleagues used the 
ChemCam on the Curiosity rover 
on Mars to look for signatures of 
extra hydrogen on the ground 
early in the Martian mornings as 
a telltale sign of water frost. After 
three years, they found some, 
indicating a thin layer. 

Continuing to look for such 
frost could help us understand 
how much of the water in Mars’s 
atmosphere condenses out onto 
the surface. All of this research 
goes towards understanding what 
kinds of resources are on Mars. 

“For future manned missions 
we need to be able to predict the 
weather and the climate,” says 
Martinez. “To do that accurately, 

= we need to understand the water 
7 cycle on Mars.” Understanding 

& this cycle will also be important 
z for any attempts to extract water 
2 from the ground, which will be 

2 absolutely crucial for future 
Martian explorers. § 
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Geology 


Rockslide may have 
caused biggest extinction 


Michael Marshall 


THE largest known mass 
extinction may have 
been triggered by events 
deep inside Earth. 

Hundreds of millions of 
years ago, when the continents 
collided to form a single 
supercontinent, huge amounts 
of material may have detached 
from their undersides, causing 
hot molten rock to rise up 
and trigger enormous 
volcanic eruptions. 

There is strong evidence that 
massive volcanic eruptions 
were responsible for the 
Permian extinction 252 million 
years ago, which wiped out at 
least 80 per cent of species. 
These eruptions heated up the 
climate and caused the oceans 
to stagnate. But we don’t know 
what caused them. 

One possibility is that deep 
inside the planet, in the semi- 
molten mantle, a plume of 
unusually hot magma rose up 
and broke through the crust. 
Such plumes are thought to 
exist in the modern day: one 
under the Atlantic Ocean is 
believed to have created Iceland. 

However, according to Chen 
Zhang at the China University 
of Petroleum in Beijing and his 
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formed from was, which points 
to the source of the eruption. 

There were two periods when 
volcanoes erupted unusually 
hot magma, the team found. 
One was about 252 million years 
ago, the time of the Permian 
extinction. The other was about 
443 million years ago: when 
the Ordovician-Silurian mass 
extinction occurred (Gondwana 
Research, doi.org/dqns). 

Such hot magma is unlikely 
to have been the result ofa 
mantle plume, the team says, 
suggesting instead that the 
cause of the mass extinctions 


colleagues, itisn’t clearwhether “There was a period 


a plume could release enough 
carbon dioxide to cause the 
climate changes that would 
have caused a mass extinction. 
Instead, they have proposed 
another possibility. 

The team studied crystals 
called zircons from rocks taken 
from the Central Asian Orogenic 
Belt —a region that now 
stretches from the Ural 
mountains to the Pacific Ocean. 
The rocks are from volcanic 
eruptions millions of years ago. 
By studying their chemical 
make-up, the team could tell 
how hot the magma the rocks 
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when volcanoes erupted 
unusually hot magma 
252 million years ago” 


was rocks detaching from the 
underside of Earth’s crust and 
slipping away into the mantle, 
a process called delamination. 
This can cause volcanic 
eruptions, because hot rocks 
find it easier to work their way 
up through the crust when its 
bottom layer is coming away. 
The hot magma is formed from 
a mixture of crust and mantle 
rocks, which would explain 
some of the team’s results. 


Places such as Russia's 
Lake Lama were made 
by tectonic activity 


To account for the volcanic 
eruptions at the end of the 
Permian period, delamination 
must have occurred ona 
huge scale. The team calls 
this “super-delamination”, 
arguing that the cause was the 
formation of supercontinents. 

Over hundreds of millions 
of years leading up to the 
super-delamination, several 
continents came together 
to form a supercontinent 
called Gondwana. Then the 
remaining land masses 
collided with Gondwana, 
creating an even larger 
supercontinent called Pangaea. 

“The formation ofa 
supercontinent involves 
multiple collisions between 
continental fragments,” the 
team writes. “The resultant 
crustal thickening would 
inevitably trigger delamination, 
conceivably on a major scale.” 

It isn’t clear ifthis mechanism 
is plausible, says Katie Cooper 
at Washington State University. 
But “it’s definitely an interesting 
idea and one that deserves more 
investigation”, she says. ll 


Fluid dynamics 


Wine ‘legs’ are 
made by a shock 
wave ina wineglass 


Layal Liverpool 


THE drops that run down the inside 
of a glass after wine is swirled - 
called “legs” or “tears” - are caused 
by a shock wave interrupting the 
ring of fluid that sticks to the glass. 

We know that a film of wine 
can flow up the side of a glass after 
swirling because the water in wine 
evaporates faster than the alcohol, 
creating a difference in surface 
tension that drives liquid upward. 
But exactly what caused wine tears 
to form was a mystery until now. 

Hangjie Ji at the University 
of California, Los Angeles, and 
her colleagues have built a model 
that considered the effects of 
gravity, the shape of the glass, the 
wine’s alcohol concentration and 
the motion of swirling. The model 
suggests that the contrast between 
the flow of liquid up the side of 
the glass — due to surface tension 
differences - and the downward 
pull of gravity could lead to the 
formation of a shock wave. 

They tested the idea by swirling 
wine in glasses in the lab, and saw 
what is called an undercompressive 
shock wave forming as a ridge 
in the liquid climbing the side of 
the glass (Physical Review Fluids, 
doi.org/dqn5). 

This type of shock wave is 
unstable, which is why it causes 
the formation of thick drops that 
eventually fall down as tears, rather 
than as a continuous flow of liquid. 

“Wine tears have been studied for 
over a century and it is remarkable 
that this is the first time that 
they have been connected to the 
instability of an undercompressive 
shock,” says Anette Hosoi at 
the Massachusetts Institute 
of Technology. “This study is a 
beautiful example of such shocks 
in a familiar setting,” she says. 

Ji says the formation of liquid 
films driven by wind, such as on 
car windscreens or aeroplane 
wings, could also be explained 
by these unstable shock waves. f 
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News 


Data storage 


Code kept on ice for LOOO years 


Microsoft-owned firm to go ahead with work to safeguard commonly used data 


Adam Vaughan 


A PLAN to expand a physical 
backup of the world’s most widely 
used open-source software held 
inside a mountain in the Arctic 
will go ahead this month, despite 
the coronavirus pandemic. 

GitHub, an online software 
host owned by Microsoft, has 
already stored the equivalent of 
10,000 folders of source code files 
in Coal Mine 3, a disused facility 
on the island of Spitsbergen in 
Svalbard, Norway. 

This month, the company will 
hugely expand its existing storage 
by adding repositories that can 
hold another 100 million folders — 
the equivalent of 5000 hours of 
movies. This will include all the 
open-source code it currently 
holds that is already backed up 
on servers around the world. 

Thomas Dohmke at GitHub says 
that given the uncertainty created 
by the coronavirus outbreak, 
increasing the company’s means 
of preserving the data feels “more 
important than ever”. The use of 
open-source software has grown 
hugely in the past decade: now 
more than 90 per cent ofall 
software projects depend on 
it to some extent, he says. 

“We think it is important to 


Solar system 


Pluto's early oceans 
hint the icy world 
formed rapidly 


THE ancient oceans of Pluto may 
have arisen relatively quickly after 
the now-frozen dwarf planet came 
to be, melting from ice in a process 
that suggests Pluto formed in just 
30,000 years. 

“We don't really know how 
planets get assembled, but in 
general, we think things bang into 
each other, and they accumulate,” 


18 | New Scientist | 4 April 2020 


GITHUB 


preserve for future generations,” 
says Dohmke. “It’s not so much 
about a nuclear strike, ora comet 
hitting the Earth, or some 
pandemic. It’s more about creating 
an opportunity for future 
generations to study how software 
development worked in the early 
2000s, in the same way that we 
study what the Romans built 2000 
years ago, and we relearn things 
that we had forgotten.” 

Despite the global disruption 
the pandemic has caused, GitHub 
is still on track to do the work in 


says Francis Nimmo at the University 
of California, Santa Cruz, whose 
work was due to be presented at 
the cancelled Lunar and Planetary 
Science Conference in Texas. 

Pluto probably had liquid water 
on its surface at some point: images 
from NASA's New Horizons mission 
show giant rifts that were probably 
made as water froze and expanded. 
If Pluto had a “cold start” and began 
as a mixture of rock and ice, its 
oceans would have come later as ice 
melted. If this were the case, there 
should be signs of earlier ice melting 


April, says Dohmke. The files 
will be stored as QR codes on 
film made in the Norwegian 
city of Drammen by data storage 
firm Piq]. 

The existing GitHub backup 
is held on one reel of film, 
which sits ona shelf at the same 
unstaffed facility, safe behind an 
unassuming pair of grey doors 
located offan access tunnel to 


The backed-up code will 
be held inside GitHub’s 
vault in a disused mine 


into oceans before later refreezing, 
but these haven't been observed. 
This supports the idea that Pluto 
had a “hot start”, in which liquid 
water was present early on. 
Furthermore, Nimmo says that if 
Pluto's oceans formed slowly, you 
would expect to see wrinkles on its 
surface. These haven't been seen, 
suggesting they formed quickly. 


“If oceans formed slowly, 
you would expect wrinkles 
on the surface, like on 
Mercury and the moon” 


the mine. Once the new backup 
is added, there will be around 
200 reels. 

GitHub will include a guide, 
or “tech tree”, for each reel of film, 
so that what is stored on it can 
be interpreted later. “Even if you 
come in 1000 years and you have 
no idea what open-source or 
software development ever was, 
you can use that tech tree to 
understand it,” says Dohmke. 

The film is designed to last a 
millennium in the permafrost of 
Svalbard. Yet global warming and 
weather changes have already 
forced a €20 million upgrade of 
another Arctic storage project, a 
nearby global seed vault, after its 
entrance flooded in October 2016 
due to heavy rainfall and melting 
permafrost. Dohmke says it isn’t 
clear whether climate change 
poses a threat to the safety ofthe 
backup. “The honest answer is, 

I don’t know. Maybe not. Maybe 
it is, time will tell,” he says. 

Other technologies in 
development, such as Microsoft’s 
Project Silica, which uses lasers to 
store data in quartz glass discs, 
could last for 10,000 years and 
should be ready in the next two 
years, says Dohmke. 8 


Nimmo’s team modelled Pluto's 
formation, accounting for how heat 
would travel through Pluto in either 
a hot or cold case. With a hot start, 
Pluto would have formed in less 
than 30,000 years, meaning it had 
oceans relatively soon after creation. 

As Pluto's core cooled, these 
oceans would have slowly refrozen. 
“If this model is right, it suggests 
similar objects in the Kuiper Belt 
will have formed fast too, and that 
early oceans may have been pretty 
ubiquitous,” says Nimmo. ff 
Jason Arunn Murugesu 


Infectious diseases 


Hepatitis C infection 
rates fall thanks to 
tests and treatment 


Clare Wilson 


THE hepatitis C virus was ona 
global rampage a decade ago, 
but is now being pushed back. 
Egypt, once the country with the 
highest prevalence of this virus, is 
on course to slash infection rates 
this year, eliminating hepatitis C 
as a public health threat. 
The hepatitis C virus, which 
can cause liver failure and cancer, is 
mainly passed on through sex or by 
drug users sharing needles. In the 
past, it was also widely spread by 
healthcare staff reusing needles. 
Practical curative treatments 
arrived a few years ago, but the 


0.5% 


The expected prevalence of 
hepatitis C in Egypt later this year 


drugs were initially costly. Cheap 
generic versions now exist. 

Egypt has led the way in their use. 
Until recently, one in 10 adults in 
the country had the virus, as a result 
of needles being reused during past 
mass-treatment campaigns against 
parasitic worms. In 2018, the 
country began offering all adults 
free tests and treatment. By last 
year, 80 per cent of the country had 
taken part and more than 2 million 
people had been treated. 

If trends continue, the prevalence 
is set to fall to below O.5 per cent of 
the population this year, say Imam 
Waked at Menoufia University in 
Shibin El Kom, Egypt, and his 
colleagues (The New England 
Journal of Medicine, doi.org/dajt). 

Some countries with low infection 
rates are targeting high-risk groups, 
such as people who are HIV-positive, 
by offering frequent testing. In one 
of the first studies to show the 
effectiveness of this strategy, 
new infections fell by 68 per cent 
between 2015 and 2018 among 
HIV-positive gay men attending five 
clinics in the UK (Clinical Infectious 
Diseases, doi.org/dqjv). 1 
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Chaos 


Some things are just 
impossible to predict 


Leah Crane 


FUNDAMENTAL limits on 
the smallest possible lengths 
of time and space mean that 
some events obeying basic 
laws of physics can never 

be predicted, it now seems, 
even with the most powerful 
computer simulations. 

The three-body problem, 
which is the mathematical 
question of how three objects 
orbit one another according 
to Newton’s laws of motion, is 
notoriously different to solve 
because of a property called 
chaos. A chaotic system is one 
in which even a tiny change 
in the initial conditions of the 
objects, like their positions or 
speeds, has an enormous effect 
on how they move over time. 

This is often referred to as 
the butterfly effect, and it makes 
it very difficult to predict how 
these systems will evolve, or to 
mathematically rewind them 
and find out where they began. 

Much of that difficulty 
comes from the fact that 


our computers have limited 
precision, so even tiny 
uncertainties can ruin a 
simulation ofa chaotic system. 


But now Tjarda Boekholt 

at the University of Coimbra 
in Portugal and his colleagues 
say that even the best possible 
computer in the universe can’t 
solve this problem. 

His team used extraordinarily 
precise simulations to probe 
whether a lack of precision 
is the only problem with 
predicting chaotic systems. 

They started a simulation 
of three black holes orbiting 
each other at a distance of one 
parsec, or about 3 light years. 
They let it run for a while, and 
then tried to rewind it back to 
its initial configuration. They 


repeated this process 1212 times. 


Ifit was impossible to rewind 
back to the initial configuration 
of the system, that would mean 
the system was unpredictable. 
The team used their results 
to calculate just how precise 
you would need to be in 
order to return to the initial 
configuration. They found that 
for about 5 per cent of triple 


The behaviour of three 
black holes orbiting each 
other is very hard to predict 


systems, you would need to 
measure that configuration to 
a precision of less than a single 
Planck length —the smallest 
possible unit of measurement 
for length, and about 10° times 
the initial distance between 
the black holes (arxiv.org/ 
abs/2002.04029). 

That means those systems 
are deeply unpredictable. 
“Even if you have a Planck 
length difference, which is 
a ridiculously small amount, 
some situations are still 
irreversible,” says Boekholt. 
“We can’t go more precise 
than nature.” 

Ina practical sense, this 
means that there is a limit 
to our predictive power when 
we try to examine the universe 
precisely, because even the 
most powerful computer that 
could ever exist can’t simulate 
below the Plank length. 

“There really are systems 
of three black holes and one 
of the consequences is that 
trying to follow the motion 
of those systems in any detail 
really is impossible,” says 
Scott Tremaine at the Institute 
for Advanced Study in New 
Jersey. “You can’t predict 
the motion just because of 
fundamental quantum-size 
uncertainties, even for 
astronomical-sized bodies.” 

This may also have larger 
implications for how we think 
about time itself. “If we could 
have reversed 100 per cent 
of cases, then for three bodies 
it wouldn’t be possible 
to determine the arrow of 
time-—you couldn’t distinguish 
forward and backward,” says 
Boekholt. “But for 5 per cent 
of cases, you can go forward 
but not backward, so there’s 
this asymmetry which is closely 
linked to the arrow oftime.” ff 
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News In brief 


Diet 


Too much salt may 
hit immune system 


EATING too much salt may impair 
the body’s ability to fight bacterial 
infections, according to studies in 
mice and in 10 people. 

Christian Kurts at the University 
Hospital of Bonn in Germany and 
his team first showed that mice 
given a high-salt diet were less able 
to fight kidney infections caused 
by E. coliand body-wide infections 
due to Listeria monocytogenes, 

a source of food poisoning. 

“The bacteria caused more 
damage before the immune 
system got rid of them,” says Kurts. 

Next, the team gave 10 healthy 
women and men who were 20 to 
50 years old an extra 6 grams of 
salt a day on top of their normal 
diet, in the form of three tablets. 
After one week, some of their 
immune cells, called neutrophils, 
had a greatly impaired ability to 
engulf and kill bacteria compared 
with before the participants were 
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given the extra salt to consume 
(Science Translational Medicine, 
doi.org/dqnr). The researchers 
didn’t examine the effect of high 
salt intake on the body’s ability to 
fight viral infections. 

The World Health Organization 
recommends that people eat no 
more than § grams of salt a day to 
avoid high blood pressure, which 
can cause strokes and heart 
disease. In the UK, people eat 
8 grams on average, suggesting 
many consume as much or more 
than the volunteers in the study. 

The team thinks that two 
mechanisms are involved. First, 
when we eat lots of salt, hormones 
are released to make the body 
excrete more salt. These include 
glucocorticoids that have the side 
effect of suppressing the immune 
system throughout the body. 

Second, there is a local effect in 
the kidney. Kurts found that urea 
accumulates in the kidney when 
salt levels are high, and that urea 
suppresses neutrophils. 

Michael Le Page 


NASA 


Exercise 


Higher step count linked to 
lower annual risk of death 


THE higher your daily step count, 
the lower your risk of death per year, 
according to a new analysis — but 
the link only goes so far. 

We have long been encouraged 
to walk as a way of improving 
health, but many studies on its 
benefits have focused on people in 
their early GOs and have sometimes 
ignored minority ethnic groups. 

Anew analysis, by Pedro 
Saint-Maurice at the US National 
Cancer Institute and his colleagues, 
looked at 4840 people who were 
representative of the US population 
over the age of 40. Between 2003 
and 2006, all participants wore 
an accelerometer for a week. 

The team found that the average 
daily step count was 9124 paces, 
higher than many previous studies. 
That may be because the study 
included younger people, those 


Atmospheric science 


Winds are shifting as 
the ozone layer heals 


THE hole in the ozone layer 
above Antarctica is continuing to 
recover and it is sparking changes 
in atmospheric circulation, the 
flow of air over Earth’s surface. 
Using data from satellite 
observations and climate 
simulations, Antara Banerjee 
at the University of Colorado 
Boulder and her colleagues 
modelled changing wind patterns 
related to the layer’s recovery, 


in less sedentary jobs and more 
men, who tend to be more active. 

The researchers used 4000 steps 
a day as their baseline — easily 
achieved by someone who drives to 
a desk job. By comparison, the team 
found that taking 8000 steps was 
associated with a 51 per cent lower 
risk of dying per year, and taking 
12,000 daily steps was associated 
with a 65 per cent lower risk. 

But taking more than 12,000 
steps didn’t seem to show a further 
reduction of mortality risk. Up until 
12,000 steps, more paces equated 
to a lower risk of dying per year 
regardless of sex, race, level of 
education, health condition and 
whether a person smoked or drank 
alcohol. The intensity of the steps 
taken also had little to no effect on 
the mortality risk (JAMA, doi.org/ 
dqm4). Jason Arunn Murugesu 


which is largely thanks to a 1987 
ban on the production of ozone- 
depleting substances. 

Before 2000, in the southern 
hemisphere a belt of air currents 
called the mid-latitude jet stream 
had been gradually shifting 
south. Another jet stream, the 
subtropical jet responsible for 
trade winds, tropical rain belts, 
hurricanes and subtropical 
deserts, had been getting wider. 

Banerjee and her team found 
that both trends began to reverse 
in 2000. She says they area 
direct effect of the ozone layer 
recovering (Nature, doi.org/dqm7). 

Alterations in a jet stream may 
influence weather via shifts in 
temperature and rainfall, which 
could lead to changes in ocean 
temperature and salinity. 

Martyn Chipperfield at the 
University of Leeds, UK, says we 
had already seen signs that the 
ozone hole (pictured, in blue) is 
mending, and this study shows 
the next step: the effect of that on 
the climate. Layal Liverpool 
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Really brief 


Marine life shifts 
to cooler waters 


Warming oceans are 
changing where marine 
animals live. A study of the 
habitats of 305 marine 
species found that, in 
general, populations at the 
poleward side of a species’ 
range have risen, while at 
the warmer, equator side 
of their ranges they have 
dwindled (Current Biology, 
doi.org/dqnt). 


Velociraptor 
relative found 


Anew species of 
carnivorous dinosaur 
related to velociraptors 
has been identified from 
20 fossils found in New 
Mexico. The find supports 
the idea that there was 
greater species diversity 
than previously thought 
during the late Cretaceous 
period (Scientific Reports, 
doi.org/dqm3). 


Neanderthals 
ate a fishy diet 


Neanderthals dined on 
amenu of seafood with 

a sprinkling of pine nuts, 
an excavation of a coastal 
site in Portugal reveals. 
An analysis of fossil food 
remains shows this group 
of our extinct cousins were 
fisher-hunter-gatherers 
who consumed a diet 
dominated by seafood 
(Science, doi.org/dqmz). 


BEN SHAW, UNIVERSITY OF NEW SOUTH WALES 


Microbiome 


Gut bacteria may cut 
infant food allergy risk 


IF A mother has certain microbes 
in her gut, her baby appears less 
likely to develop food allergies. 
Prevotella copriis a bacterium 
that ferments dietary fibre into 
fatty acids, and it has been linked 
to reduced allergic reactions in the 
offspring of mice with a high-fibre 
diet. Peter Vuillermin at Deakin 
University in Australia and his 
team wondered whether this 
would also be the case in people, in 
whom the fatty acids are thought 
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to help regulate inflammation. 
They analysed data from a study 
of Australian mothers and infants. 
Faecal samples were gathered 
from women when they were 36 
weeks pregnant, and from infants 
one, six and12 months after birth. 
DNA from the faecal samples of 
58 infants with a diagnosed food 
allergy were compared with those 
of 236 infants without allergies. 
The team found that around 
20 per cent of babies without 
any allergies had P copriin their 
samples, compared with 8 per cent 
of those with allergies, including 
to egg, peanut and cow's milk. 


Culture evolved across 
the globe independently 


FARMING, arts and crafts and 
complex tool-making emerged on 
the island of New Guinea around 
the same time as in Europe and Asia. 
Agriculture began in different 
parts of the world around 10,000 
years ago. In Europe and Asia, this 
led to complex cultures. We know 
that people in New Guinea began 
farming around the same time, 
but there hasn't been convincing 
evidence that this kick-started an 
equivalent cultural movement. 
Now Ben Shaw at the University 
of New South Wales in Australia 
and his team have analysed 
artefacts (pictured) found in Papua 
New Guinea, the eastern half of the 


island. These include part of a 
stone carving of a face, stone pestle 
fragments used to grind food, a 
fire-lighting tool, an ochre-stained 
rock that was a traditional tool for 
dyeing organic fibres, and axe 
fragments, all dating to between 
4200 to 5050 years ago. Evidence 
suggests all were made on-site 
(Science Advances, doi.org/dqm9). 
It is known that people from 
South-East Asia migrated to 
New Guinea but not until about 
1000 years later. This means that 
symbolic culture and sophisticated 
craftwork developed of its own 
accord in New Guinea, says Shaw. 
Alice Klein 


The presence and abundance of 
P.copriina mother’s stool was also 
associated with a decreased risk 
of allergy. In fact, only one mother 
with an infant who had allergies 
had more than 0.03 per cent of 
the bacterium in her sample. 

Analysis showed that when a 
woman had twice as much P. copri 
as another, it was associated with 
an 8 per cent decrease in the risk 
of food allergy in her child (Nature 
Communications, doi.org/dqnj). 

P. copriisn’t very prevalent in 
rich countries due to a range of 
factors, including greater use of 
antibiotics. Gege Li 


Locomotion 


Special shoes could 
make yourun faster 


HIGH-TECH footwear is making 
running more efficient and could 
eventually help us run more than 
50 per cent faster. 

David Braun and Amanda 
Sutrisno at Vanderbilt University 
in Tennessee modelled the energy 
used during running and factors 
that can affect that, including air 
resistance, the limited power ofa 
human leg and losses that occur 
each time a foot hits the ground. 

They found that the leg only 
supplies energy about 20 per 
cent of the time that the foot is 
on the ground. To improve on 
that, they have conceptualised a 
spring-powered device that would 
increase the amount of power 
a person’s legs generate while 
running. It would allow the leg to 
supply energy 96 per cent of that 
time, according to their analysis. 

The device would store energy 
created as the leg bends in the 
air, compressing the spring, and 
release it when the runner takes 
a step. The researchers analysed 
the running style of 100-metre 
world record holder Usain Bolt, 
who sprints at a top speed of 
12.3 metres per second. The device 
would in theory boost Bolt’s top 
speed to 20.9 metres per second 
(Science Advances, doi.org/dqnc). 
Donna Lu 
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Comment 


Tackling two crises at once 


We can't lose sight of the climate emergency when dealing with the 
covid-19 pandemic, say Christiana Figueres and Tom Rivett-Carnac 


E HAVE known for 
some time that 2020 
was going to bea 


milestone year for the climate 
change crisis, requiring a radical 
reversal of the current trajectory 
in global greenhouse gas 
emissions. But what we didn’t 
know was that we would also 
face a global health crisis this 
year. The decisions we make now 
to tackle this imminent threat 
will affect us for generations 

to come, including our ability 

to halt global warming. 

There is no established link 
between covid-19 and climate 
change. However, the way we are 
altering the planet will make the 
spread of some diseases more likely. 

Mosquito-transmitted diseases, 
such as dengue and malaria, will 
become more widespread as 
climate change makes larger areas 
warm enough for these insects 
to thrive. Diseases that originate 
in animals, like Ebola or covid-19, 
could become mote likely too. 
The US Centers for Disease Control 
and Prevention estimates that 
three-quarters of new and 
emerging diseases infecting 
humans originate in animals. 
Encroachment on their habitats 
increases the risk of such disease. 

The coronavirus pandemic is 
a tragedy and its consequences 
will be felt for a long time. Yet 
though global health conditions 
will eventually return to a form 
of normal, our environment will 
never do so. 

Our climate has irreversibly 
changed: the average global 


temperature has already risen 
by1°C. Our urgent task is to ensure 
we don’t exceed 1.5°C of warming 
and so avoid the worst impacts of 
climate change. 

As the covid-19 pandemic is 
painfully showing, our challenges 
are increasingly global in nature 
and require systemic solutions. 
To control the coronavirus, 
governments have needed to 
mandate social distancing, 
ground aeroplanes and close 
borders. For climate change, 
they need to back clean 
technologies and end subsidies 
to polluting industries. 

Emissions from every country 
accumulate in the atmosphere 


independently of where they are 
released. Therefore cuts will only 
be effective if all nations are on the 


same trajectory — towards net-zero 
emissions by 2050. 

But global challenges also 
require individuals to change their 
behaviour, which many people 
have shown can happen quickly. 
These changes are only effective if 
all members of society participate. 
To tackle climate change, we as 
individuals need to change our 
diets, consumption patterns, 
ways of interacting with one 
another and how we travel. 

With covid-19, governments 
are now agreeing economic 
stimulus packages to help 


Culture columnist 

Is Al about meeting 
our need for deities, 
asks Sally Adee p32 


people and corporations survive 
the likely recession. It is no 
exaggeration to say that the 
decisions they are taking will 
shape the world for generations. 

We must ensure these packages 
don’t compound the climate crisis. 
Propping up fossil fuel industries, 
for example, isn’t a good use 
of public funding. It would 
turbocharge greenhouse gas 
emissions precisely when they 
need to be falling. 

Instead, the packages must 
be used to kick-start a sustainable 
path towards a cleaner future. 
There are many opportunities to 
invest in low-carbon infrastructure 
projects that will create jobs and 
put the world on a safer, fairer and 
more resilient path. 

Moments of crisis are always 
moments of opportunity. Many 
crucial decisions will be made over 
the next few months. As options 
are considered, we should ask 
ourselves what is the most 
effective way to overcome the 
immediate threat and how to 
dovetail those decisions into the 
making ofa future where we not 
only survive, but actually thrive 
together with nature. # 


a 


Christiana Figueres and Tom 
Rivett-Carnac played key roles in 
the Paris climate agreement. Their 
new book is The Future We Choose: 
Surviving the climate crisis 


4 April 2020 | New Scientist | 23 


Views Columnist 


Graham Lawton is a staff 
writer at New Scientist and 
author of This Book Could Save 
Your Life. You can follow him 
@grahamlawton 


Graham's week 


What I’m reading 
Mostly news and 
science, but I’ve also 
been listening to David 
Attenborough narrate 
the natural history 
classic The Peregrine 
by J.A. Baker on BBC 
Sounds. Very poetic 
and soothing. 


What I’m watching 
The news. 


What I’m working on 
The news! 


This column appears 
monthly. Up next week: 
Annalee Newitz 
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No planet B 


Nature ofa lockdown Going out into the natural world is good 
for your health and mind, and you can still get some of the same 
benefits even when stuck inside, says Graham Lawton 


AST week, during what 
L already feels like the 

halcyon days of Before 
Lockdown, a wonderful package 
came through my letterbox. 
It contained the Great Trees 
of London Map, which lists the 
UK capital’s 50 most interesting 
trees. Did you know there is a 
giant redwood towering over 
New Cross Gate tube station? Or 
a yew in Totteridge that has been 
there since before the Norman 
Conquest? I was planning to visit 
them all. That will now have to wait. 

[have written before about 

London’s green spaces and its 
status as a national city park. 
One of the pleasures of living 


walking or cycling and belonging 
to green groups. 

They found that the more 
often people visited nature for 
recreation, the greater their pro- 
environmental behaviour and 
appreciation of the natural world. 

Of course, this is correlation 
not causation. Maybe people 
who are already environmentally 
conscious spend more time in 
contact with nature. But the 
researchers also found a positive 
correlation between people’s 
passive exposure to nature 
through their neighbourhoods 
and pro-environmental 
behaviour. 


here is the wealth ofurbannature “Last year, a study 


on our doorsteps. I miss it. 

This isn’t just the frustration 
of enforced confinement because 
of the coronavirus. A ton of 
research tells us that contact 
with nature has significant health 
benefits. Luckily, there are a few 
simple tricks you can use to get 
some of the benefits of nature 
while sticking to the rules about 
social isolation. 

Here is why it is so important. 
Last year, a study found that 
spending just 2 hours a week 
in green spaces boosts physical 
and mental well-being by about 
the same amount as getting 
enough exercise. 

There are other positives to 
be had. People who take time to 
connect with nature are more likely 
to engage in pro-environmental 
behaviour and care about the 
natural world. Many small studies 
have found this link, and now 
avery big one has confirmed it. 

The study recruited more than 
24,000 adults in England and 
asked how much contact they had 
with nature. The researchers also 
asked about pro-environmental 
behaviours including recycling, 
buying eco-friendly products, 


found that spending 
just 2 hours a week 
in green spaces 
boosts physical and 
mental well-being” 


Again, you can’t rule out the 
possibility that green-minded 
people choose to live in greener 
areas. But, as the researchers 
point out, people mainly 
choose where to live based on 
other factors such as work, schools 
and transport. Lead author Ian 
Alcock at the University of Exeter 
Medical School, UK, says the 
results suggest that access to 
nature is a solution to our 
environmental problems. 

The opposite is also true: 
other research indicates that 
nature deprivation makes 
people less willing to behave 
sustainably. Worryingly, the 
effects are long-lasting. Adults 
who didn’t have much contact 
with the natural world as children 
lead generally less green lives. 

Lockdown is therefore a 
potential problem not just for 
our mental and physical health, 
but also for the well-being of the 


natural world, now and into 
the future. 

My patch of London is already 
quite low on green space and, 
ironically, going car-free has 
exacerbated my disconnect from 
nature. But Iam very lucky that 
Ihave a patch of greenery on 
my doorstep; as the lockdown 
grinds on, I will spend time in 
the back garden. My working 
from home desk looks out onto 
it and I dare say lam getting 
more contact with greenery 
than I do- did? —in the office. 

But appreciate that many city 
dwellers don’t have this luxury. 
The obvious solution is to do 
your permitted daily bout of 
exercise in as natural a setting 
as you can. Run, walk or cycle 
to your nearest bit of green and 
run, walk or cycle around it. 

Ifthat isn’t possible, there is 
another way to dose up. It turns 
out that you don’t actually have 
to go into nature to reap the 
benefits. Experiments have 
shown that photographs, videos 
and audio recordings —“surrogate 
nature” — have a similar though 
less powerful effect. Good results 
have also been reported with 
virtual reality. 

So here is a tip for getting 
through this. If you don’t have 
easy access to the natural world, 
look at pictures of it; watch natural 
history programmes; listen to 
recordings of birdsong and other 
natural soundscapes on Spotify. 

And when it is all over, go back 
out into nature and reflect on 
what we lose when it is no longer 
there. Many people I have spoken 
to in recent days regard this 
hiatus as an opportunity fora 
period of reflection, a chance to 
rethink our out-of-kilter world. 

Part of this has to bea 
new relationship with nature. 
Our health and happiness 
depend onit. I 
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Views Your letters 


Editor’s pick 


Sorry, but who is footing 
the bill for a vaccine? 
21 March, p 44 
From Sam Edge, 
Ringwood, Hampshire, UK 
Discussing how soon we may 
have a vaccine against covid-19, 
Carrie Arnold writes of “the stark 
realisation during the West African 
Ebola outbreak that Big Pharma 
could no longer be relied upon to 
solely underwrite expensive vaccine 
research”. | take umbrage at this. 
As you have reported, 
pharmaceutical firms spend a 
small fraction of their revenue 
on research and development 
(for example, 3 June 2017, p 22). 
Their expenditure is actually 
only a small proportion of the total 
cost of development, because most 
of their work is founded on existing 
research carried out at academic 
institutions and healthcare 
organisations funded by taxpayers, 
patients and students, for which the 
companies pay little or nothing. 


Drugs show us the effects 
of banning markets 

7 March, p 23 

From Alistair Litt, 

Whangarei, New Zealand 

Chris Walzer at the US Wildlife 
Conservation Society is right to be 
concerned that a ban on wildlife 
markets in China could drive the 
trade underground. As Adam 
Vaughan points out, this occurred 
when markets were suspended in 
the aftermath of SARS, and led to 
further spread of the virus 
responsible. 

The trade in illegal drugs should 
give some clues as to how people 
might act if they feel the law is 
unwarranted or unfairly impinges 
on their civil rights. More drugs 
than ever before are available in 
greater quantities and compete for 
black market cash. 

Working with people so they 
can operate more safely, perhaps 
by separating areas of markets or 
providing vets, might be a better 
strategy to consider. 
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Letting the people choose 
to walk their own path 


Letters, 21 March 
From Brian Horton, West 
Launceston, Tasmania, Australia 
Footpaths should be added after 
people have used an area fora 
while so users decide where the 
paths should be, suggests Frank 
Bover. This method has been used 
for decades by planners of new 
universities and college campuses. 
Michigan State University has 
paths designed this way: an aerial 
view shows paths at unusual 
angles that take efficient routes. 
Failure to do this invariably 
results in “desire paths”, where 
people take shortcuts and ignore 
the fixed paths, a clear indication 
of poor planning. Going one 
step further, the corridors of 
the McCormick Tribune Campus 
Center at the Illinois Institute 
of Technology in Chicago were 
designed to follow routes taken 
by students across the open field 
it was built on. 


From Peter Hamer, Bishop’s 
Stortford, Hertfordshire, UK 
You have previously reported 
a mathematical model ofthe 


| SPENT AGES TRYING TO MAKE MY INVENTION 

SMALL ENOUGH TO FIT INTO A TROUSER POCKET 
BEFORE | REALISED THAT THE SOLUTION LAY 
IN DOING THINGS THE OTHER WAY ROUND. 


interactions between walkers and 
developing shortcuts (5 July 1997, 
Pp 11). It is a good idea, although I 
suspect that architects will still 
strive to please their clients rather 
than the end users. 


From David Hewitt, 
Little Marcle, Herefordshire, UK 
Ican confirm that the pedestrian 
method works. When I was an 
overseas volunteer at a school in 
the Pacific Islands in 1976, I was 
given the task of laying concrete 
footpaths between the buildings 
before the onset of the wet season. 
lignored the headmaster’s 
planned layout and waited fora 
few weeks to see where the pupils 
actually walked between buildings. 
Then I laid the footpaths along the 
clear tracks made in the grass. 
These paths worked perfectly 
when the rains came. 


There’s more to the TikTok 
story than its sudden rise 
14. March, p 31 

From Jerome Murphy, 

Pacific Grove, California, US 

Chris Stokel-Walker asks why the 
video-sharing platform TikTok 
has risen so quickly. This is an 


interesting question, but so, 

too, are the concerns in the US 
that the app threatens national 
security (14 December 2019, p 14). 


Saving the world takes 
much more than trees 


29 February, p 20 
From John Hockaday, 
Canberra, ACT, Australia 
Adam Vaughan discusses plans 
to plant trees to lock away carbon 
dioxide. These won’t work here 
in Australia. In the most recent 
bush-fire season, around 126,000 
square kilometres of vegetation 
and more than a billion animals 
were burned. We have to address 
the main causes of climate change. 
Time and again, studies inform 
us that renewable energy is 
cheaper and better for the 
environment than fossil fuel 
sources. Yet in Australia, to my 
embarrassment, we have had 
governments that claim the 
economy is reliant on them. It 
costs billions of dollars to recover 
from bush-fire damage caused 
by climate change, which is 
unsustainable each summer and 
is completely ignored. The only 
logical explanation for this is greed. 


Addressing the climate 
catastrophe is impossible when 
governments lack policies to 
entirely replace fossil fuels with 
renewable energy, subsidise the 
use of electric vehicles and reduce 
population increases. Sustainable 
growth, not greed, is the only 
option for a habitable future. 


Now is the time to think 
of recycling new materials 


14 March, p 12 

From Malcolm Bacchus, 

London, UK 

Donna Lu reports new lightweight 
materials made of gallium, indium 
and glass bubbles. In the same 
issue, Layal Liverpool describes 

a gold-coated fabric that can emit 
light in different patterns (p 18). 
These seem remarkable from a 
technological point of view, but 

I wonder how recyclable such 
materials would be? If they aren't, 
should we be developing them in 
the first place? 


Is there any mystery about 
matter and antimattter? 


29 February, p 44 
From John Croft, 
Denmark, Western Australia 
Richard Webb’s discussion of 
efforts to make large amounts 
of anti-atoms in an antimatter 
factory made interesting reading. 
Iremember when physicist 
Richard Feynman suggested in 
the early 1970s that, when we map 
matter and antimatter creation 
and annihilation, the antimatter 
could be portrayed as normal 
matter going backwards in time. 
Thus the paths ofa pair of 
matter and antimatter particles 
through space-time, followed 
by their annihilation, could be 
portrayed as a single electron that 
travels back and then forward in 
time to eventually appear as one 
electron again. 


From Pavel Fadeev, 

Mainz, Germany 

Webb asks whether matter and 
antimatter repel each other 
gravitationally. The majority of 


physicists have long felt they 
have good reason to believe 
that antimatter reacts to gravity 
in the same way as matter. 

In 1958, Leonard Schiff pointed 
out that experiments looking 
for a difference between the 
gravitational and the inertial 
masses of atoms would have 
found differences in the reaction 
to gravity of paired matter and 
antimatter particles (doi.org/ 
fr6qjg). Last year, Allen Caldwell 
and Gia Dvali argued that any 
difference in gravitational forces 
exerted on matter and antimatter 
must be beyond the sensitivity of 
current measurements (arxiv.org/ 
abs/1903.09096). 

And in 2014, Marcoen 
Cabbolet argued that a difference 
between the reactions of matter 
and antimatter to gravity is 
incompatible with quantum 
electrodynamics and quantum 
chromodynamics (doi.org/dp5b). 


Astronomical colouring 
happened before Hubble 


7 March, p 34 
From Keith Tritton, Great Gransden, 
Cambridgeshire, UK 
Leah Crane describes the use of 
three-filter colour combination 
in Hubble Space Telescope images. 
They weren't the first to yield 
astronomical colours using this 
technique. In particular, there 
were the superb images that 
David Malin produced from the 
1970s onwards at what was then 
the Anglo-Australian Observatory. 
These were mostly created by 
combining colour-separated black 
and white photos taken through 
three different colour filters. 
Malin generally tried to balance 
the result to the response ofthe 
human eye, but as Crane’s article 
explains, there are difficulties 
of contrast and saturation. He 
mitigated these through special 


photographic techniques such as 
unsharp masking. These images 
had a huge impact at the time. 


Other metals may have 
antimicrobial powers 

7 March, p15 

From Keith Bremner, 

Brisbane, Australia 

You report that one mechanism 
by which silver prevents harmful 
bacteria spreading has been 
clarified. In 1989, and again 

in 2009, I was too ill to work. It 
seemed to me that the cause was 
bacteria and fungi growing in air 
conditioning ducts in relatively 
new buildings. 

When I worked in buildings 
constructed before 1980, I had 
no problem. The ductwork in 
these was made of zinc-coated 
steel. The newer ducts were 
aluminium. Maybe other metals 
have antimicrobial properties too. 


The reality of reality for 
my grandson and I 


1 February, p 34 
From Guy Cox, St Albans, 
New South Wales, Australia 
Your exploration of the problems 
of reality is fun and fascinating, 
but it deals with two very different 
concepts: accepting reality and 
understanding how it all works. 
To give a simple analogy: 
at our farm, becauselama 
biologist, Iunderstand a lot 
about how the grass, trees and 
other plants function. I know 
about their complex cellular 
structures and the chemical 
reactions that enable them to live 
and grow, powered by photon 
wave-functions collapsing with 
nary ahuman in sight. Seb, my 
2-year-old grandson, knows 
nothing of this. But the grass, trees 
and other plants are just as real 
to him as they are to me. 


Want to get in touch? 

Send letters to letters@newscientist.com or 

New Scientist, 25 Bedford Street, London WC2E 9ES; 

see terms at newscientist.com/letters 

Consideration of letters sent in the post will be delayed 


Our knowledge of how the 
universe functions is incomplete, 
but this has no relevance to its 
reality. Was it less real in the 14th 
century, before Copernicus, Kepler, 
Galileo and Newton, when we had 
even less idea how it functioned? 


There must be a difference 
between these two frogs 


Letters, 7 March 
From Bryn Glover, Kirkby Malzeard, 
North Yorkshire, UK 
Colin Walls offers a simple and 
superficially attractive way of 
thinking about life and death. But 
frogs die —like the rest of us— from 
natural causes, and presumably 
some must die while hibernating. 
So consider two otherwise 
identical frogs lying frozen side 
by side. One is in suspended 
animation. The other is dead. 
When warm weather arrives, one 
will revive and go about its froggy 
business. The other will thaw 
and rot. There must surely be 
biochemical or neurological 
differences between the two. 


In one sense, we’re lost in 
the wild most of the time 


29 February, p 40 

From Robert Fizek, 

Newton, Massachusetts, US 

Michael Bond reports research 

on what people do when lost in 

the wild. It strikes me that the way 

people behave in such situations 

describes much of the human 

condition. The untrained human 

imagination constantly projects 

our concerns into the future. 
Since we can’t truly predict 

or control that future, we are, 

in asense, lost inan unknown 

“wilderness”. This lets diverse and 

subtle fears affect our reasoning 

and propel our behaviour in many 

unwise ways. !! 


For the record 


! Disrupting the coronavirus’s 
ability to copy itself can help 
those with covid-19 because 
it can stop the virus entering 
more cells (21 March, p 10). 
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Natural shine 
(Ke) 


Olympus Global Image of 

the Year Life Science Light 
Microscopy Award 2019 
Photographers Tagide deCarvahlo, 
Nathan Renfro, Justin Zoll 


THESE colourful, fluorescent, 
almost hypnotic images look like 
the product ofa powerful artistic 
imagination, but in fact they show 
nature in all its magnified glory. 
The three photographs are 
among the regional winners 
and honourable mentions in 
the Olympus Global Image ofthe 
Year Life Science Light Microscopy 
Award 2019 announced last week. 
The kaleidoscopic swirls and 
shards in the large image show 
L-glutamine and beta-alanine, 
two amino acids. Photographer 
Justin Zoll crystallised them out of 
solution in ethanol and used filters 
to add contrast and to remove 
reflections from the image. 
In the lab, amino acids such 
as L-glutamine are crystallised 
to obtain a purer form for use 
in making pharmaceuticals. 
Top right is the winning 
image for the Americas. Taken 
by researcher Tagide deCarvalho, 
it uses fluorescence to show the 
insides of a tardigrade, one of 
Earth’s toughest organisms. These 
creatures are 0.05 to1 millimetre 
long, yet can withstand cold of 
-200°C and heat of 150°C, radiation 
and pressure that would kill us, 
and even the vacuum of space. 
The final image might look 
like a stunning coastal scene, 
but it is in fact a close-up ofa prase 
opal, a gem coloured green by 
nickel. Nathan Renfro, a geologist 
and mineralogist, magnified it 
to mimica shot ofa shoreline. 


Gege Li 
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Attenborough’s rallying cry 


David Attenborough’s latest film A Life on Our Planet is a powerful 
and unusually personal call to action, finds Timothy Revell 


& 


Film 

David Attenborough: 

A Life on Our Planet 

Alastair Fothergill, Jonnie Hughes 
and Keith Scholey 
WWE/Silverback Films 


“WE'VE not just ruined the planet, 
we've destroyed it,” says David 
Attenborough. The broadcaster 
has spent his days recording the 
wonders of the natural world, only 
to realise that his life’s work has, in 
fact, been to document its demise. 
The rebuke comes in his latest 
film, David Attenborough: A Life 
on Our Planet, delayed due to the 
coronavirus pandemic. With luck, 
the documentary will hit cinemas 
and Netflix later this year. 
Attenborough was particularly 
outspoken when he talked to 
New Scientist at a recent press 
event. The film, part-memoir 
and part-lecture, is a powerful 
and deeply personal plea to turn 
things around, for the sake of 
every living thing on the planet. 
Though he has eschewed 
campaigning in his career, in part 
because of the sort of broadcasting 
expected at the BBC, Attenborough 
has taken a stand in recent years. 
In 2017, Blue Planet II’s focus on 
plastics sparked a war over the 
stuff. Last year’s Climate Change - 
The Facts put global warming in 
a prime-time slot for the first time 
in years, and Attenborough has 
increasingly discussed the climate 
crisis in interviews and speeches. 
“T’ve got no idea if humanity 
is going to get through this or 
not,” he says. “There have been 
extraordinary changes in the last 
five to 10 years in general public 
attitude, and that’s because I think 
people actually recognise that the 
environment is really in trouble.” 
On coronavirus, he is more 
hopeful. “I think we will deal with 
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it perfectly well,” he says. “I don’t 
think we can draw a big moral 
lesson about how we are treating 
nature so badly that she is kicking 
back. I think it’s just part of life.” 
Attenborough’s childhood 
fascination with rocks is where 


the film opens, moving on to his 
nearly 60-year career, intercut 
with updates on the state of the 
planet. Growing up in the 1930s, 
66 per cent of the world was 
wilderness and carbon dioxide 
levels in the atmosphere were 
some 310 parts per million. 

By the time Blue Planet started 
shooting in 1997, says the film, 
wilderness was down to 47 per 
cent and CO; was at 363ppm. The 
numbers are much worse now: 
wilderness covers just 23 per cent 
of the world, and atmospheric CO 
stands at more than 410ppm. 

Throughout, Attenborough 
recognises how lucky he has been. 


When he grew up, travelling the 
world was becoming easier. With 
so many habitats left untouched, 
nature film-making was simple. 
TV viewers had never seen 
pangolins or sloths before, he says. 
“It was the best time of my life.” 


“Half of the world’s 
rainforests have been 
cleared and two-thirds 
of Borneo’s orangutans 
have disappeared” 


But by the 1970s, he was seeing 
warning signs. In Rwanda, for 
example, the number of mountain 
gorillas had fallen drastically and 
rangers were always on hand to 
counter poachers. 

The film’s three directors, 
Alastair Fothergill, Jonnie Hughes 
and Keith Scholey, have worked 
with Attenborough before. They 


David Attenborough has 
filmed wildlife across the 
world for nearly 6O years 


skilfully paint a picture of Earth’s 
dire situation. Half of the world’s 
rainforests have been cleared ina 
century, and two-thirds of Borneo’s 
orangutans have disappeared since 
Attenborough was first there. 

Each brushstroke intensifies the 
image: whaling, over-fishing, coral 
bleaching. Temperatures are now 
1°C warmer on average than when 
Attenborough was born. “Our 
blind assault on the planet has now 
come to alter the fundamentals of 
the living world,” he says. 

Individually, this is all old news. 
Together, though, it is a timely 
record in the run-up to the crucial 
United Nations COP26 climate 
talks, set for November this year. 

Attenborough does offer 
possible solutions. Again, most are 
known, but through him they may 
have more chance of being heard. 
He says that human population 
must stabilise as soon as possible, 
and that this is achievable by 
raising people out of poverty, 
giving them access to healthcare 
and keeping girls in particular in 
school for longer. 

Solar, wind and geothermal 
must become our primary energy 
sources, he says. On food, the ocean 
is a “critical ally”: by creating large 
no-fishing zones stocks could 
recover and still meet our needs. 
Then we must give half our farm 
land back to wildlife. The quickest 
way, he says, is to stop eating meat. 

Laid out like this, creating an 
environmentally friendly future 
looks straightforward. We know 
what to do, it is a case of having the 
will to do it, says Attenborough. 

This feels like a baton-passing 
moment. The broadcaster’s 
cinematic memoir lays out the 
state of play, but it is up to us to fix 
the problems before it is too late. 8 


A truly stellar legacy 


Cecilia Payne-Gaposchkin cracked the chemistry of stars a century 
ago. Her moment in the sun is finally here, finds Donna Lu 


G 


Book 


What Stars Are Made 
Of: The life of Cecilia 
Payne-Gaposchkin 
Donovan Moore 

Harvard University Press 


ONE of the lesser known 

consequences of the current 

wave of feminism is the number of 

women that have been added to the 

scientific and technological canon. 
Cecilia Payne-Gaposchkin is 

the latest. What Stars Are Made 


THOMAS FAULL/GETTY IMAGES 


Of, abiography by Donovan Moore, _ wrote that she felt her life asa earn a PhD in astronomy from 
highlights the British astronomer scientist began at the age of 8, Harvard University’s Radcliffe 

and astrophysicist’s contribution recognising a species of orchid in College. Later, she would become 
in overturning a basic assumption her mother’s garden. Moore adds the first woman to be appointed to 
about the make-up of the universe. an amusing aside: “She recounted a full professorship at Harvard. 

In the 1920s, Payne-Gaposchkin _ later that she learned about sex As a young woman, she was 
analysed the spectral pattern of not from ever-proper Emma [her driven by research. “Once I worked 
stars, a plot of the amount of mother], but rather by working it for 72 hours straight without sleep,” 
light given off at different out herself as she studied the Payne-Gaposchkin wrote. That 
wavelengths. Because this pollination of tropical cycads.” didn't stop her having other 
pattern varies depending on At the University of Cambridge, interests, from music to politics 
which elements a star contains, Payne-Gaposchkin took physics and and cooking to soap-making. 


this allowed her to show that these = chemistry, working at the Cavendish What Stars Are Made Of is 
objects are comprised primarily of Laboratory, then headed bynuclear minutely researched - at one 


hydrogen - making this the most physicist Ernest Rutherford. She point, Moore even retraces 
abundant substance in the universe. _ finished her studies, but didn't Payne-Gaposchkin's bicycle 
She found that there was about a receive a degree: women at journey from Newnham College 
million times more hydrogen in Cambridge weren't granted in Cambridge to the university's 
stars than we thought. degrees until the late 1940s. observatory. The result is a rich 
However, the prevailing belief Despite that, she movedtothe US and illuminating biography of a 
was that the elemental make-up to study, where her groundbreaking _ scientist whose contributions have 
of stars was like Earth's, and thesis on the composition of starsin been underappreciated for too long. 
Payne-Gaposchkin's discovery 1925 made her the first person to Some recognition came in 1976, 
was rejected. Henry Norris Russell, when Payne-Gaposchkin received 


director of Princeton University's 
observatory, dismissed her finding 
as “clearly impossible”. Just four 
years later, his research confirmed 
her work — yet he got the credit 
for the discovery. 
Payne-Gaposchkin’s life showed 
an early leaning towards science. 
Born in 1900 in the UK, she once 


an American Astronomical Society 
lifetime award, named, ironically, 
the Henry Norris Russell Lectureship. 
In her acceptance speech she said: 
“The reward of the young scientist is 
the emotional thrill of being the first 

= person in the history of the world 

= to see something or understand 

& something. Nothing can compare 

with that experience... The reward 

b of the old scientist is the sense of 

% having seen a vague sketch grow 

3 intoa masterly landscape.” f 


ES/. 


Cecilia Payne-Gaposchkin 
found that the universe 
was full of hydrogen 


Listen 


Epidemic is a weekly 
podcast hosted by 
Celine Gounder and 
Ronald Klain that offers 
a US angle on covid-19. 
The well-researched 
show draws on history, 
politics, economics and 
anthropology to make 
sense of the pandemic. 


Play 


Disaster Report 4: 
Summer memories, 
released worldwide 

on 7 April, casts you 

as a struggling survivor 
in an earthquake-torn 
city. In this game, the 
smallest actions ripple 
into life-changing events 
in the fight to stay alive 
and ultimately escape. 


Read 


Slowdown (Yale 
University Press) by 
social geographer and 
author Danny Dorling 
finds that human 
progress and growth 
have been slowing down 
since the early 1970s - 
and argues that this is a 


good thing for the planet. 
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Views Culture 


The science fiction column 


To thine own god be true Is our love affair with AI really about building a new 
kind of deity to meet the human need for a higher power? Max Barry’s excellent 


novel Providence lays out the case, says Sally Adee 


Sally Adee is a technology 
and science writer based 
in London. Follow her on 
Twitter @sally_adee 


G 


Book 


Providence 
Max Barry 
Hodder & Stoughton 


Sally also 
recommends... 


Book 


Gnomon 

Nick Harkaway 

Windmill 

Like all Harkaway’s books, 
Gnomon is incredibly hard 
to get into. But it rewards 
persistence with a trippy mix 
of genres that tickle the back 
of the brain ceaselessly to a 
narrative climax. 
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AF ARCHIVE/ALAMY 


WHY do people pray? An ancient 
need for rules, civil organising 
principles and origin stories 

may help explain why many 
seem primed to seek out a 

higher power. But those possible 
explanations aren’t the whole 
story. It is what we might think we 
are praying to that underpins our 
enduring commitment to a deity, 
and the notion that by appealing 
to it we might shift unexplained 
forces in our favour. 

Today, one could be forgiven 
for feeling the same about 
algorithms. We increasingly 
outsource to artificial intelligence 
what our forebears would have 
subjected to the divine. AI helps 
us to better understand disease, 
to work out the right length for 
a prison sentence or even to 
decide who should get medical 
intervention. Which side of the 
line the results fall can havea 
large impact on someone's life. 

And while we have seen how 
our human biases creep into such 
machine judgements, the desire 
to create something devoid of our 
influence, amore omnipotent Al, 
is seen in our race to develop AI 


ethics and accountability. 
Say we make it work: what 
would an omnipotent Al be like? 


What could convince us to cede all 


our decisions to it? How would it 
see us? Is there any way we could 
pray to an AI to save us? 


These are some of the questions 


behind Providence, Max Barry’s 
deceptively straightforward AI 


“What wouldan 


omnipotent AI be 

like? What could 
convince us to cede 

all our decisions to it?” 


vs aliens romp. IT philosopher 
Jaron Lanier says Alis less a 
technology, more an ideology. 
Barry ups the ante to make it 
an emerging religion. 

There is a hint of 2001: A Space 
Odyssey in his plot. It puts four 
people on a Providence-class 
warship, effectively one giant, 


sentient and utterly unknowable 


Al- developed after humanity 


made contact with an alien species 
with similarly incomprehensible 


objectives. This ship-AI can spot 


HAL, the Al that goes 
disastrously wrong in 
2001: A Space Odyssey 


patterns in the aliens’ behaviour. 
It takes one to know one. 

These terrifying and 
unstoppable Als have been 
spawned by a global corporate 
war on Earth, to the tune ofa 
sizeable chunk of global GDP. 

The crew onboard the ship 
are no match for its staggering 
capabilities. In reality, the job is a 
PR gig to sell the AI project to the 
world’s citizens, who paid for it. 
Because there is nothing to do 
in the confines of space, the four 
overqualified and bored heroes 
ponder the existential question of 
who they are to this unknowable 
ship tasked with keeping them 
alive in the hostility of space. 

“There is logic to everything,” 
says the intelligence chief, Gilly, 
who sees the ship as a collection of 
sophisticated code. “You just have 
to look deep enough to find it.” But 
Beanfield, the HR officer, has a 
different idea, insisting that “if we 
are throwaway survival machines 
for genes, then the ship is our 
throwaway survival machine. 

If you want to think of the ship 
as a body, we are its genes.” 

The true relationship between 
ship and crew is revealed when 
the God-class intelligence engages 
God-class firepower to protect 
its charges. Considering who 
survives, it is plausible that, 
like the old gods, AI also favours 
good supplicants. 

Barry makes it clear what we 
may lose if we choose to place our 
faith in AI. The chilling corollary 
is that if we do create an Al god, 
we may be little more than genes 
or blood to it— important in great 
quantities, in good working order, 
but irrelevant as individuals. 

Is the new deity better than the 
old? Finish the book and decide. 
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about how our magazine production and delivery might be affected by 
the coronavirus pandemic at newscientist.com/cvupdate. This is a 
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Features Cover story 


BECOMING 
HUMAN 


The story of the origin of our species is being 
radically rewritten. Graham Lawton discovers 
the latest twists in the tale 


barium mine in the foothills of the 
Atlas mountains, a miner makes a 
ghoulish discovery: a near-complete 
human skull embedded in the 
sediment. Archaeologists called 
in to investigate find that the skull 
is old, but not that old. It is filed away 
and largely forgotten. 

Hinxton, UK, 2019. Robert Foley, a 
palaeoanthropologist at the University 
of Cambridge, is giving the opening 
address at a three-day conference on 
human evolution. “What I’m pretty 
sure ofis that, by the end of the first day, 
something like 20 per cent of what I say 
will be wrong,” he says to the hall. “By 
the end of the second day, something 
like 50 per cent will be wrong, and at the 
end of the conference, I’m hoping that 
something] said at the beginning still 
holds true.” 

Until recently, the story of our 
origins was thought to be settled: 
Homo sapiens evolved in eastern 
Africa about 150,000 years ago, became 
capable of modern behaviour some 
60,000 years ago and then swept out 
of Africa to colonise the world, 
completely replacing any archaic 
humans they encountered. But new 
fossils, tools and analyses of ancient 


EBEL IRHOUD, Morocco, 1961. Ina 
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and modern genomes are tearing apart 
that neat tale. The Jebel Irhoud skull has 
turned out to bea key to a new, slowly 
emerging paradigm. With the dust yet 
fully to settle, the question now is how 
many, if any, of our old assumptions 
still hold. “Should we be thinking of 
acompletely different model?” asks 
Foley. “Abandoning out-of-Africa?” 
Strap in, it’s going to be quite a ride. 

The out-of-Africa paradigm to which 
Foley refers has become so entrenched 
that it is easy to forget how new it is. 
For decades before its emergence, 
human origins research was dominated 
by the early characters in the story: 
Homo erectus, for example, including 
“Peking Man”, unearthed in 1929; or 
Australopithecus afarensis, the famous 
“Lucy” discovered in Ethiopia in 1974. 
There was some debate about where 
modern humans appeared, and ideas 
were floating around ofa recent 
African origin, but the fossil record 
seemed to support a model called 
multiregionalism. This argued that 
archaic humans were distributed 
across Africa and Eurasia at least 
a million years ago and evolved 
in parallel into modern humans. 

Then, in 1987, a bombshell. A team 
of geneticists at the University of 


ROSS HOLDEN 
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“New fossils, tools 
and analyses of 
genomes have thrown 
everything into disarray” 


California, Berkeley, sequenced 147 
mitochondrial genomes from living 
people around the world. The 
mitochondria in cells are inherited 
from mothers only, and the study 
indicated that everyone was descended 
from a single woman — dubbed 
“mitochondrial Eve” — who probably 
lived in Africa about 200,000 years ago 
(see “How does DNA analysis reveal our 
prehistory?”, page 41). 

The result was very influential, says 
Foley. It was quickly consolidated into 
what he calls the “recent out-of-Africa 
package”, the idea that modern humans 
appeared quite abruptly in eastern or 
southern Africa some time between 
150,000 and 200,000 years ago and 
went on to conquer the world. The 
package also introduced the distinction 
between anatomical and behavioural 
modernity. Based on archaeological 
evidence, it looked as though early 
Homo sapiens had bodies like us but 
weren't as advanced mentally. Only 
later, about 50,000 or 60,000 years ago, 
did the full package evolve — perhaps 
due to achance mutation —- making 
dispersal out of Africa possible. This 
neat, compelling narrative became 
known as “the human revolution”. 

For a while, the fossil evidence 
obligingly supported this story. 
Although remains from the crucial time 
of about 150,000 years ago were absent, 
there were several older human skulls 
that seemed to fit the idea. 

One of the most distinct features 
of modern humans is the shape of 
our heads. Compared with our extinct 
ancestors, we have small, flat, delicate 
faces, prominent chins and spherical 
brain cases. A skull with all or most 
of these features will generally be 
classified as belonging to our species. 
Two of the oldest-known complete 
skulls with hints of this anatomy 
were discovered by Richard Leakey and 
his team at Omo-Kibish in southern 
Ethiopia in 1967. Known as Omo! 
and Omo II, they are now dated to 
about 200,000 years old and have 
a mixture of archaic and modern 
features — exactly what you would 
expect ofan archaic African 
human shortly before the evolution 
of anatomical modernity. Several other 
specimens from around eastern and 
southern Africa told a similar story. >» 
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It got even better when, in 1997, 
palaeontologists in Ethiopia’s Afar 
depression unearthed three human 
skulls, two adults and a juvenile. The 
so-called Herto hominins are between 
154,000 and 160,000 years old, and also 
have a mixture of archaic and modern 
facial and cranial features. They were 
found associated with tools that had 
elements of both old and new Stone 
Age technology. The hominins’ age, 
location and toolkit were neatly in tune 
with the recent out-of-Africa model and 
convinced the researchers that they were 
the “probable immediate ancestors of 
anatomically modern humans”. 

Done and dusted, you might think. 
But that turned out to be the high-water 
mark. Discoveries since then have been 
difficult, ifnot impossible, to slot into 
this neat little box. And the Jebel Irhoud 
fossils have done more than almost 
anything else to upend the old order. 

Back in 1961, archaeologists noted 
that the skull had modern facial 
features —a flat and delicate face, and 
a prominent chin — together with an 
archaic, elongated braincase. When 
dating put it at around 40,000 years 
old, it was classified as maybe belonging 
to an African Neanderthal ora relic 
population of some other archaic 
hominin, and shunted to the margins 
of the story. But doubts about the 
dating persisted and, in 2004, a team 
led by Jean-Jacques Hublin of the 
Max Planck Institute for Evolutionary 
Anthropology in Germany reopened 
the site. The researchers hoped to get a 
more accurate date — which they did — 
but they also got more fossils, including 
another near-complete skull. It too had 
a modern face and ancient braincase. 
When the date came back, it was 
astounding: 315,000 years old, plus or 
minus 34,000 years (see “How to tell 
the age ofa fossil”, page 40). 

This was a serious challenge to the 
out-of-Africa idea. Anatomically, the 
skull is at least as modern as those 
found at Herto, which are considered 
to be right on the cusp of modern 
humanity. “It is a creature which is very 
nearly a modern human, anatomically,” 
says Foley. And yet it lived at least 
130,000 years before H. sapiens was 
meant to have evolved, at atime when 
our direct ancestors were still banging 
rocks together in eastern or southern 
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Africa. It was also on the fringes of the 
continent, thousands of kilometres 
from the supposed cradle of humanity. 
When the new Jebel Irhoud dates 
were revealed in 2017, they inspired a 
major rethink of other fossil skulls from 
around the same time. It turned out 
that these told a similar story. The 
Florisbad specimen from South Africa, 
for example, is about 260,000 years old, 
yet has a surprisingly modern face. 
Ditto some skulls from Laetoli in 
Tanzania and two locations in Kenya, 
Guomde and Eliye Springs. All possess 


Until recently 

the Jebel Irhoud 
skull (above) was 
thought to belong 
to a Neanderthal, 
and the Sima 
hominins (below) 
were classified 

as Homo 
heidelbergensis 


a mosaic of modern and archaic 
features — but, oddly, are also very 
different from one another. 

Another old site with a new story 
to tell is Olorgesailie in Kenya. 
Originally excavated in the mid-1980s, 
Olorgesailie is an ancient lake bed, 
known for stones rather than bones, 
specifically an abundance of prehistoric 
tools. It captures a crucial changing 
of the guard from one tool-making 
culture -the Acheulian, with large, crude 
hand axes — toa more sophisticated 
one. The site is characterised by a finer 
and more varied toolkit based on 
something called the “prepared core”: 
a block of flint or chert worked in such 
a way that smaller blades and points 
can be struck from it with a single blow. 


Tooling up 


Making such acore requires a high level 
of abstract thought and planning, and 
so is regarded as a product of modern 
minds. The Acheulian toolkit, on the 
other hand, is definitely pre-H. sapiens. 
It was invented by our distant ancestor 
H. erectus around 1.2 million years ago. 
The transition to the prepared core 
technology was once thought to have 
been relatively recent, in keeping with 
the human revolution model, but new 
dating from Olorgesailie says otherwise. 
The transition there happened at least 
305,000 years ago, and maybe as far 


HOW DID HUMANITY 


CONQUER EARTH? 


One central pillar of the out-of-Africa 
model of human origins is the “out” 
part. This holds that about 60,000 years 
ago, our species left Africa and, in an 
epic sweep, filled Eurasia. 

Cracks in that paradigm have been 
growing for a long time. Human skulls 
discovered at two sites in Israel, for 
example, are 120,000 years old. These 
are often seen as evidence that humanity 
made some brief, failed, forays into 
western Asia before the mass exodus. 
But developments in the past few years 
strongly suggest there was more to it. A 
177,000 year-old jawbone from Misliya 
cave in Israel, for instance, hints there 
was a much older and longer-lasting 
human presence in the Middle East. 

Areal jaw-dropper came last year, 
when a pair of skulls discovered in 
Greece in 1978 finally gave up their 
secrets. They were recovered from 
a coastal cave called Apidima, stuck 
together back-to-back in a block of 
volcanic breccia. Both were assumed 
to be from Neanderthals and about 
150,000 years old, but a reanalysis 
showed otherwise. One was indeed 
from a 170,000-year-old Neanderthal. 
But the other was 210,000 years old 
and from a Homo sapiens, albeit with a 
mixture of modern and archaic features. 
The skulls had somehow ended up in the 
same part of the cave and became stuck 
together some time later. 

The only conclusion is that modern-ish 
humans living in Africa more than 
200,000 years ago successfully 
dispersed into southern Europe, along 
trek by foot - or possibly raft - around 
the eastern Mediterranean that probably 
took millennia. “It’s very surprising,” 
says Chris Stringer at the Natural History 
Museum in London, who was part of the 
team that did the analysis. 

Evidence of early dispersals has been 
found even further from Africa. In 2015, 
researchers in China announced the 
discovery of modern human teeth in 
a cave in the south of the country that 
dated to at least 80,000 years ago. 
There are several other tantalising fossils 
in China dating to about the same time, 


too. These have conventionally been 
classified as Homo erectus, the first 
member of our genus, but it now seems 
more likely that they are Homo sapiens, 
says Maria Martinon-Torres at he 
National Research Center of Human 
Evolution (CENIEH) in Burgos, Spain. 
“They were there!” she says. Stringer 
agrees: “If they are in Europe than | don’t 
see why they aren't getting into China”. 
These new discoveries of early 
dispersals are intriguing, but the 
big picture remains substantially 
unchanged. The current thinking is 
that modern humans migrated out of 
Africa en masse some time after 
100,000 years ago, probably via the 
Arabian Peninsula or the Levant or both. 
They gradually worked their way into 
Europe and along the southern coast 
of Eurasia, most likely in pursuit of 
high-quality food resources, then “back 
filled” into central Asia from what is now 
China. Around 65,000 years ago some 
people reached Sahul - an ancient 
continent that is now Australia and New 
Guinea - almost certainly by boat. The 
last great migration then took humanity 
across the Bering land bridge and into 
the Americas around 15,000 years ago. 


Out of Africa, earlier 


Until recently, the consensus was that Homo sapiens left 
Africa around 60,000 years ago. Growing evidence 
suggests that is wrong 


years ago 180,000- 
85,000 ya 


210,000 ya 
120,000- 
80,000 ya 
~170,000 ya 
Homo 
sapiens 
65,000 ya 


back as 320,000 years. Ring any bells? 

Olorgesailie isn’t the only evidence 
of earlier-than-expected technological 
progress. The Jebel Irhoud fossils are 
also associated with prepared core 
tools. What’s more, Olorgesailie has 
yielded up tools made ofa glassy 
volcanic rock called obsidian, which 
doesn’t occur locally. The nearest 
deposits are 25 kilometres away — 
possible evidence of trade networks. 

The site also reveals clear signs of 
iron-rich rocks being processed into red 
and black pigments, presumably for 
artistic purposes, another indication of 
behavioural and cultural sophistication. 
It looks as though the transition to 
modern cognition happened right at 
the start of the H. sapiens journey, or 
maybe even before it. So much for the 
out-of-Africa mainstay, that humanity 
became physically modern first, but 
behavioural modernity didn’t evolve 
until much later. “I think the two-step 
model is dead,” says Foley. 

From the stones and bones of Jebel 
Irhoud, Olorgesailie and elsewhere, 
anew and increasingly mainstream 
view of human origins is emerging. 
“African multiregionalism” doesn’t 
completely overturn the incumbent 
model. The continent is still the cradle 
of humanity — although, as Foley points 
out, “saying humans evolved in Africa 
doesn’t mean very much, it’s a vast 
area” —and humanity did disperse out 
of Africa to eventually inhabit the entire 
world. But the idea of a recent, localised 
origin within a discrete population 
has been buried. In its place isa much 
deeper origin story beginning at least 
300,000 years ago, and perhaps as 
many as halfa million years. 

“Ifyou 're looking for a big framework 
in which to look at the evolution of 
modern humans, it is the African 
Middle Stone Age,’ says Foley, referring 
to the period from about 300,000 
to 100,000 years ago. At the start of 
this span, the whole continent of 
Africa — possibly even “Greater Africa”, 
which includes parts of the Middle 
East — appears to have been dotted with 
populations of archaic humans. These 
were often isolated from one another 
by geographical or ecological 
boundaries such as deserts or jungles, 
and mostly evolved independently, 
although had sporadiccontactand » 
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RETHINKING OUR ROOTS 


Homo antecessor 


900,000 years old 
Best candidate for our 
last direct ancestor 


> Florisbad human 


260,000 years old 
Surprisingly modern- 
looking for its age 


> Jebel Irhoud human 


315,000 years old 
Oldest known remains 
of aHomo sapiens 


» Sima hominin 


430,000 years old 
Neanderthal, not a direct 
ancestor as thought 


WHAT HAPPENED TO THE OTHER 
SPECIES OF HUMANS? 


According to the standard out-of-Africa 
model, when our species first spread 
across Eurasia they completely replaced 
the more archaic humans they met. 
Certainly, we are the last hominin 
standing. But whether Homo sapiens 
was responsible for the demise of the 
other species remains a matter of 
vigorous debate. What has become 
clear in recent years is that these 
encounters weren't entirely violent 

and destructive. At least sometimes, 
our ancestors made love not war. 

Neanderthals and Denisovans, our 
two closest relatives, both became 
extinct tens of thousands of years ago. 
Yet most people around the world have 
small quantities of DNA inherited from 
one or both species in their genomes. 
This is evidence that H. sapiens interbred 
with them and at least some of these 
trysts produced fertile offspring. Some 
people from the Middle East today also 
carry ghost DNA from another species 
dubbed hominin X, fossils of which have 
yet to be found. 

Our ancestors may have encountered 
other hominins as they dispersed around 
the world, including the enigmatic 
"hobbit", Homo floresiensis, which lived 
on the Indonesian island of Flores until 
about 50,000 years ago. Last year, it 
was discovered that a similar species 
was living at around the same time 
3000 kilometres to the south, on the 
Philippine island of Luzon. There is, 
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however, no genetic evidence of 
interbreeding with either of these 
species, and the role of H. sapiens 

in their extinction, if any, is unknown. 

It was once assumed that 
interbreeding between early humans 
and other hominins happened 
exclusively outside Africa. A small 
amount of Neanderthal DNA has been 
found in the genomes of people living in 


“At least sometimes, 
our ancestors made 
love not war with 
other hominins” 


Africa, but as Neanderthals never seem 
to have lived on that continent it almost 
certainly arrived as a result of early 
humans migrating back to Africa from 
Eurasia. However, more recent analyses 
suggest that there was interbreeding with 
other hominins on the continent. In fact, 
the genomes of some people in Africa 
are 19 per cent “ancient”, which far 
exceeds any Neanderthal or Denisovan 
contribution to Eurasian genomes. 

The first evidence of this interbreeding 
came in 2012, when a team led by 
Sarah Tishkoff at the University of 
Pennsylvania found ancient DNA in the 
genomes of modern hunter-gatherers 
living in Cameroon and Tanzania. It 


indicated that their ancestors had 
interbred with an unidentified hominin 
species no more than 30,000 years ago. 
Then, in 2018, Arun Durvasula at the 
University of California, Los Angeles, 
scanned the whole genomes of people 
from four sub-Saharan populations 
and found signals of an earlier coupling 
with another unknown archaic hominin. 
It seems to have split from our lineage 
about 625,000 years ago, and 
then interbred with humans up to 
124,000 years ago. This was before 
the mass exodus out of Africa, which 
would explain why European genomes 
carry the same ghost DNA. Earlier this 
year, analysis of four fossil skeletons 
from Cameroon saw hints of yet more 
ghost DNA from an encounter that 
happened around 250,000 years ago. 
Who might these mystery relatives 
be? One candidate is Homo naledi, a 
primitive-looking hominin that was 
discovered in South Africa in 2013 
and lived until around 250,000 years 
ago. Another possibility is Homo 
antecessor, which lived some 
900,000 years ago and is now thought 
to be our direct ancestor - although we 
still don’t have evidence that it lived in 
Africa. A more likely possibility is that 
fossils of the ghost species have yet to 
be discovered, and maybe never will be. 
What's more, there seems little doubt 
that new studies will turn up other ghost 
ancestors in our DNA. 
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> Omo | human 


200,000 years old 
Shows a mix of archaic 
and modern features 


315,000 j.2:.250 


Newest estimate of the origin 
date of Homo sapiens 


interbreeding, perhaps when climatic 
conditions changed and boundaries 
shifted. This fluid situation persisted for 
150,000 years or more, and left behind 
those now-familiar mosaic skulls. 
Genetic studies point in the same 
direction, says Carina Schlebusch at 
Uppsala University in Sweden. She and 
her colleagues analysed a collection of 
contemporary genomes from all over 
Africa attempting to home in on the 
origin of H. sapiens. “It did not point 
to any one particular place,” she says. 
“It pointed to south Africa, east Africa 
and west Africa. Basically, it pointed to 


> Herto human 


160,000 years old 
Archaic/modern mix, 
but distinct from Omo | 


every place where we had samples from. 


As I understand it, the transition from 
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archaic to modern happened in 
different parts of the African continent.” 

African multiregionalism represents 
a major shift in thinking. There was no 
single ancestral population, but many, 
spread over a huge area, which merged 
and split and merged again like a 
braided stream, evolving at different 
rates and in distinct directions in 
different places. The suite of anatomical 
and behavioural features that define 
modern humanity didn’t appear as one 
complete package, but gradually 
coalesced across vast tracts of space and 
time. “There was never a single centre of 
origin,” says Chris Stringer at the Natural 
History Museum in London. We are a 
“composite”, he says. “I think it is a really, 
really important and profound idea,” 
says Richard Potts at the Smithsonian 
Institution in Washington DC, who 
led the Olorgesailie excavations. 

The anatomical diversity of these 
composite humans has inevitably 
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120,000 years old 
More modern but more 
archaic-looking 


Along with 
the oldest 
known human 
remains, Jebel 
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sophisticated 
stone tools 
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Looks most like 
Florisbad human 
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stoked debates about which belong 
to our species and which don’t. Some 
fossils are widely accepted as being 
H. sapiens, notably Omo I and the 
Herto hominins (although they are 
substantially different from one 
another, and some prefer to categorise 
the latter as a subspecies). The Jebel 
Irhoud fossils divide opinion, with 
some palaeoanthropologists happy to 
accept them into the immediate family 
but others not. The rejects are generally 
categorised, rather vaguely, as “African 
archaics”, which is essentially dodging 
the issue. Some of these might be 
separate species. It has been proposed, 
for example, that the Florisbad fossils 
be categorised as Homo helmei- 
however new findings appear to be 
undermining this idea, as we shall see. 
Maybe this is all moot, anyway, 
hung up onan increasingly outdated 
concept of what constitutes a species. 
It is commonly taken to be a group of 
organisms that can interbreed. But this 
“biological species” concept is just one 
of dozens of competing definitions. 
Some are based on shared ancestry, 
others on shared behaviour, genes or 
anatomy. As Stringer points out, the 
biological species concept doesn’t 
hold up for many living species of 
mammals. Coyotes and grey wolves, 
for example, can interbreed to 
produce a third “species”, the red wolf. 
Why not humans too? In this emerging 
view, early H. sapiens is less a species 
than a clade: a group of organisms 
of various taxonomic groups, 
descended from a common ancestor 
and sharing many features, but also 
with a lot of physical variation. > 
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HOW TO TELL THE 
AGE OF A FOSSIL 


Perhaps the most important date in the 
new age of human evolution research is 
315,000 years ago, give or take 34,000 
years. That was the surprise age of a set 
of Homo sapiens bones found in Jebel 
Irhoud, Morocco, after a reanalysis 
in2017. The fossils were originally 
discovered in 1960 and dated toa 
minimum of 40,000 years old. The new 
date precipitated a major re-evaluation 
of our species’ origins in Africa. But 

it almost slipped through the net. At 
first, the reading had come in at just 
160,000 years ago. Luckily, dating 
guru Rainer Griin of Griffith University 
in Queensland, Australia, spotted 

that something was amiss. 

The age of a fossil can be inferred from 
the age of the sediments in which it is 
found, and the plants, animals and tools 
associated with it. But bones may have 
been buried in a grave or eroded out of 
older sediments and redeposited. Worse, 
critical stratigraphic information has 
been lost for around 90 per cent of the 
hominin specimens we have found, 
because they were excavated before 
rigorous archaeological techniques 
became the norm in recent decades. 

“If you want to know how old fossil 


55,000....: 


Maximum age radio carbon 
dating can give for a fossil 


hominins are, you have to date them 
directly,” says Griin, who has been 
= involved in dating most of the hominin 
2 fossils that have rewritten our 
understanding of human evolution. 

The original dating of the Jebel Irhoud 
fossils used radiocarbon analysis, also 
called carbon-14 dating. Long the only 
method of dating specimens directly, it 
relies on the fact that living organisms 
< incorporate the three isotopes of carbon 
- 2¢, 3¢C and+*C - into their tissues at the 
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relative levels found in the atmosphere. 
When an organism dies, it no longer 
incorporates carbon. The unstable 1"C 
gradually decays to nitrogen, reducing 
the amount of 74C present in the fossil 
compared with ?°C and 23C. It takes 
5730 years for half of the ?"C ina sample 
to decay, so measuring the ratio of 
carbon isotopes gives an estimate of 
when an organism died, give or take a 
few hundred years. Unfortunately, the 
short "C half-life means that carbon 
dating can go back only amaximum 

of 55,000 years and usually no more 
than 45,000. That limits its usefulness 
for studying human evolution, and helps 
explain the original Jebel Irhoud date. 

Enter two newer techniques: electron 
spin resonance (ESR) and uranium 
series (U-series) dating. ESR is invaluable 
for dating teeth. It exploits the fact 
that enamel is full of a mineral called 
hydroxyapatite, which contains lots of 
ions that, when zapped by background 
radiation, form free radicals. These 
accumulate over time and can be 
measured by various spectroscopic 
techniques. This method can indicate 
the age of a tooth up to 3 million years 
old, says Griin. 

U-series dating, meanwhile, builds 
on the observation that living bones 
contain almost no uranium, thorium 
or lead. Once buried, however, bones 
absorb uranyl ions from water in soil 
or sediments, and the uranium in these 
then decays to thorium and lead via 
predictable pathways. So the ratios 
of the three elements can indicate 
how long something has been buried. 
Uranium’s long half-life (around 
245,000 years) means that U-series 
dating can easily go back 500,000 years 
or more. This is the technique Griin was 
using to date the Jebel Irhoud fossils 
when he realised he had made an 
elementary mistake. “I mixed up the 
thorium and uranium values of the 
sediment,” he says. On such small 
details human history can turn. 


The new model is still a work in 
progress: everyone accepts it is 
incomplete and that new discoveries 
could blow it out of the water. 
Nevertheless, it is already having some 
major knock-on effects for other parts 
of the human origin story. One of these 
is the search for our last direct ancestor, 
the species from which H. sapiens 
evolved. Under the out-of-Africa 
scenario, this was assumed to be the 
last ancestor we shared with our sister 
species the Neanderthals, making it 
relatively recent. “The numbers were 
vague, but people talked in terms of 
150,000 to 300,000 years ago,” says 
Foley. The strong favourite was a species 
called Homo heidelbergensis, which 
lived across Africa and Europe from 
around 700,000 to at least 300,000 
years ago. That put it roughly in the 
right place at the right time. And 
from an anatomical perspective, 

H. heidelbergensis looks like a good 
starting point for both species. 

We now knowit almost certainly 
wasn't. First, it has become apparent 
that there was no common ancestor 
of humans and Neanderthals. The 
Denisovans, another lineage of humans, 
discovered in 2010, are even more closely 
related to the Neanderthals than we are. 
That means our last direct ancestor was 
the species that gave rise to us and the 
Neanderthal/Denisovan lineage. 


Pit of bones 


More consequentially, the date of 

this split has been pushed way back. 
The latest estimate comes from a 
remarkable cache of fossils called the 
Sima hominins, the remains of at least 
28 ancient humans found ina cave 
called Sima de los Huesos (pit of bones) 
in the Atapuerca mountains of 
northern Spain. They are 430,000 
years old and were long believed to be 
H. heidelbergensis. But in 2016 their 
DNA - the oldest ancient human DNA 
ever sequenced — revealed that they 
were actually Neanderthals, and pushed 
the split between modern humans and 
Neanderthals/Denisovans back to 
between 550,000 and 765,000 years ago. 
That all but rules out H. heidelbergensis 
and points the finger at an earlier 
species. “For about 35 years, I’ve argued 
that Homo heidelbergensis represents > 


One species, many origins 


The idea that Homo sapiens evolved from a single population in eastern Africa has been undermined by 


discoveries of human skulls across the continent. The huge variation in their features and dates suggests 


that our species was born of the occasional mixing of many isolated populations 


Jebel Irhoud, Morocco 
(~315,000 years ago) 


Iwo Eleru, Nigeria — . 
(~14,000) seg 


Ishango, Democratic Republic —--———- 
of the Congo 
(22,000) 


Laetoli, Tanzania - 
(~120,000) 


Florisbad, South Africa 
(~259,000) 


” Omol and Omo Il, Ethiopia 


HOW DOES DNA ANALYSIS 
REVEAL OUR PREHISTORY? 


Genetics is now at the leading edge 
of human evolution research and is 
perhaps even more important than 
bones and stones. But extracting 
information about the past from 
ancient or modern DNA isn't 
straightforward. The techniques rely 
on arcane statistics and computational 
biology. However, the basic principles 
are easy to grasp. 
One key thing that DNA can tell us 
is how long ago two lineages diverged 
- for example, when the ancestors of 
Neanderthals and Homo sapiens split. 
These analyses are based on mutations, 
says Carina Schlebusch at the University 
= of Uppsala in Sweden. The simplest 
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self-contained mini genome found 
inside cells’ mitochondria, which 
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= from mothers to their offspring. 

“We sequence different mitochondrial 
genomes and then compare and count 
the different mutations between them,” 
she says. “Then, using the rate at which 
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mutations accumulate, we date how 
long ago the mitochondria diverged 
from each other.” 

Extracting information from DNA 
on the Y-chromosome - which is 
passed from fathers to sons - is also 
quite straightforward because, like 
mitochondrial DNA, it is inherited intact. 
Other chromosomes, however, undergo 
a process called recombination during 
the formation of sperm and eggs, 
in which pieces of DNA are shuffled 
around. This makes them trickier 
to analyse. But mitochondrial and 
Y-chromosome DNA don't tell the 
whole story, so methods have been 
developed to estimate divergence 
times using other chromosomes. 
There are two approaches. “One is to 
take recombination into account, using 
recombination maps to know where 
the hotspots are,” says Schlebusch. 
“Another is to ignore recombination 
by using small pieces of DNA 
randomly sampled across all of the 
chromosomes.” If these pieces are 


Olorgesailie, Kenya 
(490,000 - 1.2 million) 
Acheulian and prepared core tools 


(~195,000) 


Herto, Ethiopia 
(~160,000) 


Guomde, Kenya 
(180,000+) 
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Le —— Eliye Springs, Kenya 
(200,000 - 300,000?) 


Bones found in Ishango in the 
Democratic Republic of the Congo 
are among many finds suggesting 
that early human populations were 
living across Africa 


small enough, researchers assume 
they have been passed down the 
generations pretty much intact. 

DNA can also reveal when separate 
populations - or species — interbred. 
“When populations split from each 
other back in time, they evolve 
independently and accumulate patterns 
of mutations that are distinct,’ says 
Arun Durvasula at the University 
of California, Los Angeles. Then, when 
interbreeding happens, the resulting 
genomes will be a mixture of these 
distinct patterns. “We can look for 
these patterns across the thousands 
of genomes we have sequenced from 
individuals around the world,” he says. 

The time of these interbreeding 
events can be estimated, too. “When 
[interbreeding] happens, large stretches 
of DNA come from one population or 
the other,” says Schlebusch. “Then over 
generations, because of recombination, 
these become smaller and smaller. This 
also happens at a certain rate, and that 
is what we use to date admixture times.” 
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the most reasonable last common 
ancestor for Neanderthals and modern 
humans,’ says Stringer. “I don’t believe 
that any more.” 

So what was? The best candidate is 
now Homo antecessor, which lived 
about 900,000 years ago and hada 
very modern-looking face. However, 
only a few fossils have ever been 
found, all in Spain, also in the Atapuerca 
mountains. Genetics clearly indicates 
that modern humans evolved in Africa, 
not Europe, so remains of the same 
species would need to turn up in 
Africa or Greater Africa to bolster the 
hominin’s claim to direct ancestry. 


Who's the daddy? 


There are three other candidates in the 
frame: Homo rhodesiensis, which may 
just be an African H. heidelbergensis, 
the Florisbad fossil or perhaps even 

H. erectus. But nobody can be sure. 

“In my view, who that ancestor was, 
and when and where it lived, are 
currently unknown,’ says Stringer. 


For now, it is known only as Ancestor X. 


Even as it becomes harder to pin down 
the identity of our direct ancestor, the 
African multiregionalism model has 
shifted the spotlight onto a different 
and, arguably, more interesting ancestor 
question. If, as the new hypothesis 
suggests, the African Middle Stone Age 
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14,000 5-2: as 


Age of last known archaic-looking 
humans in Africa 


was teeming with groups of more-or-less 
modern humans, evolving semi- 
independently, which of these actually 
gave rise to the contemporary human 
population? “This is the divergence we 
should really be thinking about in terms 
of the shift to modern humans,’ says 
Foley. “And when does this occur?” 
Unfortunately, at this point the trail 
goes quite cold. “The fossil record is 
very sparse,’ says Foley. There are some 
bones, but they are scrappy and hard to 
weave into a big picture. The genetics 
is also quite fuzzy. The most recent 
analysis places the origin of modern 
humans between 260,000 and 350,000 
years ago. This isn’t an error bar, but 
reflects the long process of patchwork 
evolution across swathes of Africa, 
says Schlebusch, who led the research. 
But there may be another way to 
pin down the story. Last year, Aurélien 
Mounier and Marta Mirazon Lahr, both 
of the University of Cambridge, created 
what they called a “virtual last common 
ancestor” of all living humans. By 
mapping the morphological variety of 
the skulls of ancient and contemporary 


Did humans 
originate in the 
Makgadikgadi 
salt panin 
Botswana? 


humans, including Neanderthals but 
excluding the archaic Africans, they 
estimated what the skull of a supposed 
last common ancestor looked like in 
the early part of the Middle Stone Age. 
They then compared their virtual skull 
to the five most complete skulls from 
that time. The fossil with the greatest 
similarity to the virtual ancestor was 
the Florisbad skull from South Africa, 
followed by two of the East African 
specimens, Eliye Springs and Omo II. 
Next came the Laetoli specimen. The 
North African skull, from Jebel Irhoud, 
was the least similar, closer to 
Neanderthals. What this suggests, 
they say, is that we are descended 
from archaic Africans in southern 
and eastern Africa, but not from our 
friends in the north. In other words, the 
braided stream eventually coalesced 
into a main channel, although still 
with numerous side branches. 
Furthermore, fossil finds indicate 
that those side branches persisted 
until surprisingly recently. Skulls with 
a classic mosaic of archaic and modern 
features have turned up in Ishango in 
the Democratic Republic of the Congo, at 
Lukenya Hill, Kenya, and at Iwo Eleru in 
Nigeria. They wouldn’t look out of place 
alongside the African archaics, but have 
all been dated to as little as 14,000 years 
ago. They may represent final holdouts 
of those isolated populations that were 
dotted across Africa at the dawn of our 
species. It wasn’t until about 12,000 
years ago, when farming spread around 
the world, that these last side channels 
of our braided stream finally ran dry. 


All change again? 


African multiregionalism may be in 
the ascendancy, but it isn’t completely 
triumphant. A couple of days before 
the Hinxton conference started, a group 
of geneticists published a dissenting 
paper in Nature. They had analysed 
mitochondrial DNA from 1217 living 
people of African ancestry and 
concluded that they all trace their 
origin back to a single small population 
living approximately 200,000 y 
ears ago around the Makgadikgadi 
salt pan in northern Botswana. Now 
an arid semi-desert, at the time it was 
the largest wetland in Africa. 

If true, it swings the pendulum back 


WHAT DROVE THE EVOLUTION 
OF THE MODERN MIND? 
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Some 320,000 years ago, a 
technological revolution swept across 
Africa. The large, flat, leaf-shaped 
hand axes that had remained largely 
unchanged for 700,000 years 
suddenly gave way to amore 
sophisticated toolkit of smaller, 

finer points and projectiles. 

Palaeoanthropologists increasingly 
recognise this transition as indicating 
the dawn of the modern mind, 
when people who looked like us 
also began to think like us. It wasn’t 
just a technological revolution but 
a cognitive one too. 

One of the best places to see this 
on the ground is the Rift valley in 
Kenya, in particular at a site called 
Olorgesailie, an ancient lake bed rich 
in stone tools. The transition is stark, 
says Richard Potts at the Smithsonian 
Institution in Washington DC. “We 
have layer after layer of hand axes 

z then, no more hand axes.” What you 

2 see instead is the more sophisticated 
= tools. But, unfortunately, erosion 

i at Olorgesailie means that the 

= sedimentary record has a gap of 

g around 180,000 years between 

= these two technologies. What was 

2 happening at this crucial time to 

2 drive this epochal change? 

S Afewyears ago, Potts and his 
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Human creativity 
must long 
predate these 
30,000-year-old 
cave paintings at 
Chauvet, France 


team drilled a core some 25 kilometres 
away in an area with a complete 
sedimentary record. The core is too 
narrow to capture tools but it tells 

a story of dynamic environmental 
upheaval about half a million years 
ago. “You have this complex and really 
interesting combination of faulting, 
breaking up of the landscape and 
climate variability,” says Potts. “All 
hell breaks loose.” 

So far, evidence of cataclysmic 
change has been seen only at the drill 
site - a “pinprick in the Rift valley”, as 
Potts describes it. But he says he would 
expect to see it in other locations too. 
“We may be wrong, but at least in the 
place where we're working in southern 
Kenya, this is what the picture shows.” 

The region around Olorgesailie also 
records a major shift in the animals 
present at this time, with large-bodied 
grazing animals giving way to smaller 
and presumably harder-to-catch ones. 
“It's an entirely changed ecological 
setting in which early hominins had to 
adapt,” says Potts. He thinks this wildly 
unpredictable environment may have 
been the selection pressure that drove 
the evolution of modern behaviour. 
“Flexibility becomes the new currency 
of evolution,” he says. We had to think 
smarter to survive. 


towards a recent origin. “This is 
something we have to address,” says 
Schlebusch. But she points to several 
reasons to doubt the result. Fora start, 
mitochondrial DNA is informative 
about maternal lineages, but not 
about entire ancient populations. Just 
because all Africans are descended 
from a mitochondrial Eve who lived in 
Botswana 200,000 years ago doesn’t 
mean that they are only descended 
from her. They could also have had 
many other female ancestors whose 
mitochondrial lineages died out. 

Indeed, a similar analysis of 
Y-chromosomes, passed exclusively 
down the paternal lineage, points to 
a Y-chromosome Adam in western 
Africa 400,000 years ago. Only by 
looking at full genomes can the whole 
picture be inferred, and these point to 
a pan-African origin, says Schlebusch. 
In addition, there is all that evidence 
from tools and fossils. “Single-place 
origin is not the best model to describe 
what actually happened in Africa,” 
she says. “It’s more like a river delta 
splitting and merging through time.” 

So where do we stand? For now, 
African multiregionalism looks like the 
best effort at a coherent new synthesis. 
Just don’t bet on it lasting as long even as 
the recent out-of-Africa model. Future 
discoveries will undoubtedly throw 
more spanners in the works. The study 
of ancient African genomes is in its 
infancy. “Genomic data now drives the 
subject, and it drives it very fast,” says 
Foley. But there are surely more fossils 
to find, too. The Middle Stone Age of 
west Africa is essentially unexplored 
and, as we have seen, a single skull can 
bring entire models tumbling down. 
In addition, there are 25 known taxa of 
hominins that have yet to be integrated 
into our tale. “It’s not going to bea 
simple story,” says Foley. “We have to 
think more flexibly and broadly about 
the processes that are involved.” 

Three days might be too short a 
timescale for almost everything to 
change. But three years from now, 
who knows? ff 


Graham Lawton is a feature 
writer for New Scientist. He 
is author of This Book Could 
Save Your Life, out now 
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Taking down 


COVID-19 


Thousands of people are searching for coronavirus 
treatments. Which are most promising and when 
will we have them, asks Carrie Arnold 
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masks, more than 300 people slowly 
boarded the waiting 747 cargo planes 
at Tokyo’s Haneda airport. It was 17 February, 
and after weeks in quarantine aboard the 
Diamond Princess anchored off the coast 
of Japan, they were heading home to the US. 
Fourteen had tested positive for covid-19. 

On arrival, one of the 14 was given an 
experimental antiviral drug called remdesivir, 
as part ofa global clinical trial. By the time 
this article went to press, hundreds of covid-19 
patients around the world had taken the drug 
as part of ongoing trials. 

Remdesivir was first developed in the 
mid-2010s to fight Ebola. Although it was found 
to be ineffective against that virus, it showed 
promise in early trials against coronaviruses 
such as the one that causes SARS. That’s why 
many hope it will work against the new 
coronavirus, SARS-CoV-2. The demand 
is already so high that its manufacturer, 
Gilead Sciences, recently had to stop 
providing access for people outside of trials 
seeking the drug under compassionate-use 
schemes for untested medicines. 

But we still don’t know if remdesivir, 
or any other drug, works against the new 
coronavirus. And while 80 per cent of people 
who catch covid-19 don’t require hospital 
treatment, those who do get admitted 
desperately need effective drugs, which may 
still be several months away. 

The good news is, we know where to look, 
and which strategies are most likely to work. 
At least 60 different compounds are now 
being investigated, including existing drugs 
and therapies being designed from scratch, 
and in record time. 

To figure out how to help people fight off 
covid-19, we first need to understand how it 
causes harm. Since the covid-19 virus grabbed 
the world’s attention in late December, doctors 
and researchers have been able to pin down 


E YES tight with worry above white surgical 


quite a lot about what it does to our bodies. 
When the coronavirus infects someone, it 
enters their cells, hijacks their protein-making 
machinery and begins making copies of itself. 
These viruses enter neighbouring cells, and 
the cycle repeats itself. This viral invasion 
doesn’t go unnoticed. Dying cells display 
fragments of the virus to alert the immune 
system that a pathogen is present. 

Once patrolling immune cells recognise 
the attack, they sound the alarm by secreting 
chemicals called cytokines to recruit more 
disease-fighting cells. From this point, it is 
a race between the virus and the immune 
system to see which can respond more quickly. 
According to a US Centers for Disease Control 


“At least 60 old 
and new drugs 


are being 
investigated” 


and Prevention analysis of Chinese reports, 
in four out of five people, the immune system 
triumphs easily. These people either have no 
symptoms or experience something akin to 
cold or flu. The others, though, become more 
severely ill, often developing life-threatening 
pneumonia and struggling to breathe. 

One potential reason for such severe 
illness is the collateral damage caused by 
the immune system’s attempts to fight off 
the virus. To prevent it from spreading, the 
immune system tells infected cells to commit 
suicide. It is effective, but comes at a high cost 
due to the large number of dead and dying 
cells. And as levels of cytokines surge, they can 


trigger excess inflammation. In extreme cases, 
this causes a cytokine storm, in which fluids 
and vast numbers of immune cells can flood 
the lungs. “It’s a severe over-activation of 

the immune system, which has been finely 
tuned to know when to switch off,” says Jessica 
Manson, a rheumatologist at University College 
London Hospital. “The very inflammatory 
cytokines needed to fight infection start to 
cause severe damage to the host.” 

When the immune system spins out of 
control, that damage can lead to a deadly 
condition known as acute respiratory distress 
syndrome as wellas sepsis, which can cause 
multi-organ failure. Millions of years of 
evolution have created a complicated feedback 
system that lets the immune system balance 
its own brakes and accelerator. In a cytokine 
storm, the immune system has put the pedal 
to the metal and the brakes no longer work. 


Three-pronged attack 


For now, the treatments we have for people 
who get covid-19 and need hospital care are 
supportive therapies: fluids, painkillers and 
fever reducers, and antibiotics to treat 
opportunistic bacterial infections. Those with 
seriously impaired lung function will rely on 
ventilators to breathe for them. All of these 
measures buy time to keep a person alive until 
their immune system can fight off the virus. 
But ifa cytokine storm becomes part of the 
problem, doctors have few good options. 

To give our bodies a better chance, drug 
researchers are pursuing three main strategies. 
The first is to use antiviral medications to stop 
or slow the virus’s ability to make copies of 
itself and tip the balance in favour of the 
immune system. A 19 March study of people 
admitted to a hospital in Nanchang, China, 
with covid-19 found that those with milder 
illness had less of the virus in their bodies. This 
suggests that reducing the amount ofvirus > 
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could make symptoms less severe. The second 
strategy is to identify antibodies — the proteins 
our immune systems produce in response to 
an infection — that work against the virus and 
deploy them against it. And the final one is 
to stop the immune system spinning out of 
control. The goal, says Manson, isn’t to switch 
it off, which would leave a person unable to 
fight off the virus, but to dial it down a bit. 
These are the main aims of the dozens 
of drugs under investigation, many of which 
have already been approved by the US Food 
and Drug Administration for treating other 
conditions, which gives them a leg up in 
terms of how quickly they would be available 
to people with covid-19. But novel, custom- 
designed therapies have the advantage of 
working specifically against this viral infection, 
which could make them more effective. 


Not going viral 
We don’t have many antivirals ready to pull 
off the shelf. More than 90 have been approved 
since 1963, when idoxuridine was authorised 
for the treatment of herpes simplex, but most 
are only effective against a single type of virus, 
making it hard to repurpose them against 
something new. In addition, because viruses 
rely on their host for most of their functions, 
it is challenging to create drugs that kill the 
invaders without harming us too. 

To address both these issues, in 2010, the 
US National Institute of Allergy and Infectious 
Diseases (NIAID) began investing in the 
development of more broad-spectrum 
antivirals. As with broad-spectrum antibiotics, 
which are effective against a range of bacteria, 
the aim was to create antivirals that could work 
against many different viruses. One company 
the NIAID collaborated with was Gilead, which 
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led to the development of remdesivir. 
Preliminary trials against Ebola yielded 
promising results, and in 2018 Gilead tested 
the drug in a large-scale clinical trial during 
an Ebola outbreak in the Democratic Republic 
of the Congo. When this showed that 
remdesivir didn’t prevent deaths as well 
as other treatments, it was shelved. 


“Nations have 
been brought 
down by this itty- 


bitty virus. And 
we have nothing” 


Earlier in the drug’s development, however, 
researchers had tested remdesivir against the 
coronaviruses that cause SARS and MERS, 
another respiratory disease. Studies both in 
cells and in mice showed that the drug could 
prevent the viruses replicating — driving hopes 
that it could work against the new coronavirus 
too. These findings, plus the fact that the drug 
has already passed safety trials as part ofits 
testing against Ebola, have rapidly made it 
the front runner in the race for covid-19 
therapeutics. Four large clinical trials 
evaluating remdesivir are getting under 
way in the US and these, combined with trials 
in China, should give preliminary results as 
soonas the end of this month. 

In late February, Bruce Aylward, assistant 
director-general of the World Health 


Some of the drugs 
being developed 
are based on 
antibodies 
produced by 
people who have 
beaten covid-19 


Organization, spoke plainly: “There’s only one 
drug right now that we think may have real 
efficacy,” he said. “And that’s remdesivir.” 

Yet he and other public health officials 
on the front lines of this pandemic still 
stress the need for due process. “We're trying 
to strike a balance between making something 
with a potential ofan effect to the American 
people available, at the same time that we do 
it under the auspices ofa protocol that would 
give us information to determine if it’s truly 
safe and truly effective,” said Anthony Fauci, 
head of the NIAID, on 20 March. 

As wellas other efforts to test antivirals, 
including drugs once used against HIV, many 
groups are now evaluating the use of long- 
standing malaria drug chloroquine and its 
close cousin hydroxychloroquine. Although 
the drugs are no longer used in parts of the 
world because the malaria parasite has 
become highly resistant to them, in early 
February a study led by researchers at the 
Wuhan Institute of Virology in China showed 
that they demonstrate some antiviral activity 
in human cells. More recently, French doctors 
shared results ofa trial in which 26 people 
with covid-19 were given hydroxychloroquine 
three times a day, in some cases alongside 
the antibiotic azithromycin. After 10 days, 
those who received the treatment reportedly 
had less virus in their blood than 16 people 
not given the medicines. 

That small study prompted US President 
Donald Trump to tweet about the regimen’s 
promise, much to the chagrin of Fauci, who 
soon after stressed that the findings were 
“anecdotal”, because the study was small and 
not rigorously designed. There has already been 
at least one report of an overdose by someone 
who attempted to self-medicate with the drug. 

Now several clinical trials of 
hydroxychloroquine are in the works, 
including one that began on 24 March in 
New York, in which the drug will be evaluated 
in combination with azithromycin. Should its 
efficacy be proven, the low cost and ready 
availability of hydroxychloroquine should 
make it easy to mass produce for widespread 
use. Yet some are wary of heaping too much 
hope onto this one solution —-Trump’s 
enthusiasm notwithstanding. At this point, 
the hype around hydroxychloroquine says 
more about our desperation than its genuine 
promise, says Harold Smith, a molecular 
biologist at the University of Rochester in 
New York and founder of a company also 
developing an antiviral treatment against the 
new coronavirus with NIAID funding. “Nations 
have been brought down by this itty-bitty 
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virus, and we have nothing,” he says. 

Another way to fight the virus, apart 
from stopping it replicating, is to follow our 
immune system’s lead and look to antibodies. 
Biotech start-up AbCellera, based in Vancouver, 
began this process by rapidly identifying all 
the antibodies in a blood sample taken from 
someone who had recovered from covid-19. 
The company then tested them for their 
activity against the new coronavirus. Within 
a week of receiving the sample, AbCellera had 
identified 500 promising antibodies among 
the millions, or even billions, in the sample, 
says Ester Falconer, the company’s head of 
research and development. It is now working 
with Indiana-based drugs firm Eli Lilly 
to develop an antibody-based therapy for 
covid-19 and have it ready for testing with 
a faster-than-ever turnaround. “In four 
months, we can do something that normally 
takes five to 10 years,” says Falconer. 

The same approach is being taken by the 
New York drug company Regeneron, which 
says it hopes to start mass producing the most 
potent antibodies it has identified by mid- 
April. From there, however, it is still along road 
of testing to see ifthe treatments are safe and 
can reduce the severity or duration of covid-19. 

There is a more old-fashioned way of giving 
people a dose of added antibodies: collecting 
them directly from people who have beaten 
the infection. Pathogen-fighting antibodies 
continue to circulate at high levels in the blood 
of recovering patients. Since the 1930s, doctors 
have given antibody-rich blood serum to boost 
the defences of people desperately ill with the 


After weeks in 
quarantine, cruise 
ship passengers 
were among the 
first participants 
in clinical trials of 
antiviral drugs 


same infection. The strategy has saved lives 
during polio and Ebola epidemics, measles 
outbreaks and even during the SARS epidemic 
in 2003. Several hundred people have 
reportedly been treated this way for covid-19 
in China already, but the findings haven’t yet 
been published. 

Arturo Casadevall at the Johns Hopkins 
School of Public Health in Maryland says 
that the antibodies in the serum sop up 
viruses much like how a sponge sucks up a 
spill. He is now ramping up a four-site clinical 
trial to evaluate the strategy within weeks. 
He also envisions a coronavirus-specific 
plasma bank in which recovering individuals 
can provide antibodies to those who are still 
ailing, something he says could be offthe 
ground ina few months. “One survivor can 
donate enough plasma to help two sick 
people,” he says. 


Calm the storm 


The third major approach for covid-19 drugs is 
one that aims to thwart our immune system’s 
dangerous, hyperactive response. Here, too, 
the strategies are a mixture of old and new. 
Recognising that many patients experience 
symptoms ofa cytokine storm shortly before 
death, Swiss pharmaceutical giant Roche 
began investigating whether its rheumatoid 
arthritis drug tocilizumab could interrupt this 
process. The drug works by inactivating the 
cytokine interleukin-6, which acts as an 
accelerator for the immune system. The 
company will begin enrolling people with 


pneumonia induced by covid-19 ina 

large clinical trial this month. Another 
anti-interleukin-6 drug, sarilumab, is also 
being tested. “This is the perfect moment to 

do randomised control trials on existing drugs. 
We can get them up and running very quickly,” 
says Manson. However, she does worry about 
using these drugs in large groups of people 
with little evidence. 

Once we have a good idea of what works, the 
hard part will be actually getting it to people. 
“The rate-limiting step will be manufacturing 
capability, not science. We want these drugs to 
be widely available, which means producing 
hundreds of millions of doses,” says 
Jeff Chertack, a spokesperson at the 
Bill & Melinda Gates Foundation. Last month, 
the organisation launched an endeavour called 
the Covid-19 Therapeutics Accelerator, which 
will contribute up to $125 million to speed up 
drug development from its earliest stages 
through to manufacturing and distribution. 
Chertack says its emphasis on all steps in the 
process is a deliberate strategy to ensure drugs 
are priced so that people who need them will 
be able to get them, regardless of income. 

If trials show that the repurposed therapies 
are effective, in principle, they could be 
available for people with covid-19 just weeks 
later, as long as they can be manufactured in 
adequate amounts, says Clifford Lane, deputy 
director for clinical research at NIAID. Novel 
treatments could requires months of testing 
before they are ready for humans. It is a lengthy 
process, but it also helps to ensure that the 
massive investment of time and resources to 
get drugs to patients will pay off in the end. 
“We need to focus on what will bring the 
greatest benefit to the largest number of 
patients,” says Lane. 

Cost and production are critical concerns, 
but even more important is having confidence 
that our drugs will work—and will do no harm. 
As this article went to press, the global death 
toll from the new coronavirus was approaching 
40,000. People are desperate for effective 
treatments as soon as possible. But we can’t 
act in haste, says Lane. “In an outbreak like this, 
it’s crucial to find out which interventions are 
truly of benefit and implement them widely,” 
he says. Just as important, though, is to 
“eliminate those interventions that aren’t 
and get them out of the way”. I 
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Jobs POSTDOCTORAL POSITION - Vascular smooth muscle 
and endothelial cell ion channels 


NIH-funded postdoctoral position immediately available to study 
physiological functions and pathological alterations in arterial 
smooth muscle and endothelial cell ion channels. Projects include 
studying blood pressure regulation by ion channels and regulation 
of trafficking, signaling and functions of TRP, BKca, K v and voltage- 
dependent Ca** channels, similar to studies we have recently 
published (Kidd et al. Science Signaling 2015, Leo et al. Science 
Signaling 2017, Bulley et al. eLife 2018, Hasan et al. PNAS, 
2019). Techniques in the laboratory include, RT-PCR, Western 
blotting, biotinylation, immunofluorescence, FRET, patch-clamp 
electrophysiology, calcium imaging, pressurized artery myography, 
blood pressure telemetry and conditional knockout mouse models. 
Experience with molecular biology, ion channel biochemistry, patch 
clamp electrophysiology, and cardiovascular physiology preferred. 
Required qualifications include a PhD or MD in Physiology or a 
related field. 


Send curriculum vitae and names and addresses of three references 
to Dr. Jonathan H. Jaggar, Maury Bronstein Endowed Professor 
of Physiology, Department of Physiology, University of Tennessee 
Health Science Center, 894 Union Avenue, Memphis, TN 38163, 
USA. jjaggar@uthsc.edu. _https://www.uthsc.edu/physiology/ 
faculty /jjaggar. php 
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CACTUS. 


Freelance Editors - 
Medicine, Life Sciences, and Physical Sciences 


Cactus Communications is a leading provider of scientific communication services to more than 198,000 clients across 
116 countries. 


We engage a team of highly skilled editors who are experts in various academic fields. Cactus Communications has 
consistently ranked among the top 20 on the global list of the Top 100 Companies for Telecommute Jobs (Forbes.com) 
since 2016. 


We're currently looking for specialist freelance copy-editors and substantive editors in Medicine, Life Sciences, Physical 
Sciences, and Engineering. 


WHAT YOU NEED 


‘ A Post Doc/PhD/Masters/Bachelors degree or expertise in one or more specialized subject areas in Medicine, Life 
Sciences, Physical Sciences, and Engineering 
‘Excellent editing skills and attention to detail (prior editing experience would be great). 


WHAT YOU WILL DO 


‘ Edit manuscripts such that the final text is in standard scientific English and is free of unclear or unidiomatic 
sentences. 
‘Adhere to job-specific guidelines and format manuscripts according to the target journal when required. 


‘Understand client and industry requirements and adapt your working approach accordingly. 
‘Meet deadlines (which are driven by client deadlines). 


WHY THIS IS A GREAT OPPORTUNITY 


‘You can telecommute from anywhere. 

‘You will have the flexibility to keep your own work hours as long as you meet the deadlines. 

‘You will develop an understanding of the finer points of editing. 

- You will have access to articles on the latest industry trends and publication and writing tips on our learning and 
discussion platform. 

‘You will gain an inside view into research carried out worldwide 


At CACTUS, we believe that diversity enriches us. We are proud to be an equal opportunity workplace and are committed to 
offering work opportunities regardless of race, colour, religion, national origin, age, sex, marital status, ancestry, physical 
or mental disability, genetic information, veteran status, gender identity/expression, or sexual orientation. 


APPLY NOW! 


Our selection process involves just one online test. If you meet the benchmark, we will contact you within one business 
day, and you can start on assignments within a couple of days. 


Please access this link: http://bit.ly/2P9Bpf7 
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Sam Wongis social media 
editor at New Scientist. 
Follow him @samwong1 


What you need 
Pork belly 

Salt (optional) 
Vinegar (optional) 


Next week 

Protein from plants: seitan, a 
form of wheat gluten, is a great 
alternative to meat - and you 
can make your own 


Science of cooking Week 14 


Crunchtime 


Pork crackling is a delicious treat, but how do you achieve 
perfection? Sam Wong puts four techniques to the test 


BECAUSE of the environmental 
impact of livestock farming, I 
don’t cook meat often. But I can’t 
resist the occasional roast. Pork 
belly is one of my favourites — the 
only challenge is getting the skin 
to go crispy. Can science guide me 
towards the perfect crunch? 

The internet has plenty of tips 
for ultimate crackling, but few 
provide a scientific rationale and 
many are contradictory. I decided 
to do some research and tests. 

Pork skin is about 30 per cent 
collagen, a strong, tough protein 
made up of three molecular chains 
wound into a triple helix. Heating 
it for long enough breaks it down 
into gelatin, which melts away. 

To make pork skin crisp, all the 
collagen must break down. You 
also need the skin to completely 
dry out and remaining proteins 
to coagulate and stiffen. 

According to The Food Lab 
by J.Kenji Lopez-Alt, the key 
to achieving all three is to start by 
slow-roasting the meat at a lower 
temperature, ensuring that the 
skin is well softened. Then blast 
it with high heat, so that pockets 
of air and steam under the skin 
expand and stretch it, making it 
thinner. The high heat will quickly 
firm the skin and make it crispy. 

The US television cooking 
show America’s Test Kitchen agrees 
that slow-cooking, then rapidly 
evaporating the remaining water 
in the skin to make it puff up, 
is what is needed. But it says 
the oven can’t do the second 
part quickly enough. Instead it 
recommends shallow-frying 
the skin in a pan at that point. 


All projects are posted at 


Home cooks in China favour yet 
another technique that draws on 
restaurant methods. They start 
by blanching the meat in boiling 
water then poke lots of holes in the 
skin. These allow moisture and fat 
to escape during roasting. Some 
recipes advise bathing the pork 
skin-down in vinegar overnight, 
which may help weaken collagen. 

There is another slight variant: 
before roasting, you can wrap 
the meat in foil, leaving the top 
open, and cover the skin ina thin 
layer of salt to draw out water. 
Some way through cooking, the 
salt is scraped off and the meat 
goes back into a very hot oven 
to crisp the skin. 

I tested these methods on four 
400-gram pork belly pieces. All 


The Q&A 

James Danckert 
on the upsides of 
boredom p56 


Science of cooking online 


newscientist.com/cooking Email: cooking@newscientist.com 


joints were roasted for 2 hours 
at 130°C, skin side up. Then, one 
came out to be pan-fried while 
the others stayed in for halfan 
hour at 240°C. 

The vinegar-soaked piece had 
asmoother surface, while the 
others formed bubbly, blistered 
crusts. The salt-covered pieces 
were slightly harder than the 
others, but all were excellent: 
crunchy yet easy on the teeth. 

Without having tested a shorter 
cooking time, I can’t be certain but 
I suspect the key to success was to 
give the meat plenty of time in the 
oven to break down the collagen 
before applying a blast of high 
heat to finish off. Bear in mind 
that timings will need adjusting 
for larger pieces of meat. ! 
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Cryptic crossword #28 Set by Wingding 
Ea Bees 
BaHeReRBEEESs 
ZEEE BE 
BEREeEBEEEEs 
Zane BE 
a os 


ACROSS 

1/6 Lefties also confused 
about what to do if you 
suspect you're 13 (4-7) 

3 See27 

9 Swollen area in muscles 
could emit strange smell, 
to begin with (7) 

10 Virus twisted a part 
of brain (5) 

11 Reported old medicine 
in drain (5) 

12 Operating theatre, the centre 
of epidemic, a finally stressful, 
difficult experience (6) 

14 How to take a pill: none 
recover (6) 


DOWN 

1. Little probability farm 
animal will get virus (8) 

2. Girl followed by a virus (5) 

4 Arctic dweller giving 
entrepreneur hug 
and kiss? (4,2) 

5 Knock over supple Enid 
every now and then (5) 

6 See 1 Across 

7 Wehear McGregor may be 
making money in China (4) 

8 Allow Alto be deadly (6) 

13 Fiend etc. riddled with 
disease (8) 


16 Encourage doctor to lose 
her head (4,2) 
19 Greek character eating end of 
carrot, a mark of disease (6) 
21 Virus has centre of Wuhan 
covered in paper (5) 
24 Worry that short length 
is getting shorter (5) 
25 Athome with old flame, 
behave without precision (7) 
26 To quote Susan, it is entirely 
clean (8) 
27/3 Upset him with dirty 
menu - that'll stop 
disease spreading (4,8) 


15 Some pollutant | 
generated is trigger for 
immune response (7) 

17 Sounds like line by the 
dock getting worse (6) 

18 Virus found in Serbia, 
somehow (6) 

20 Understand what you 
don't want to do in an 
outbreak (3,2) 

22 Weaken a spooky 
creature with drug (5) 

23 Virus taking time away 
from celebrities (4) 


Answers and the next quick crossword next week 
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Quick quiz #45 


1 Which mathematician 
and astronomer made a 
conjecture in 1611 about 
how closely you can pack 
spheres in a 3D space? 

2 According to the idea, 
about how much of a space 
can you fill with spheres of 
the same size: two-thirds, 
three-quarters or four-fifths ? 
3 When was this considered 
formally proved, using 
programs by Thomas Hales 
and collaborators, in a paper 
in Forum of Mathematics? 

& Mathematicians have 
tried to solve this problem in 
higher dimensions. Does the 
maximum amount of space 
you can fill go up or down? 
5 Which “father of 
information theory” showed 
that this higher-dimensional 
mathematics was useful 

in reconstructing noisy 
communications signals? 


Answers below 


Quick 
Crossword #54 
Answers 


ACROSS 1 Major, 4 Injection, 

9 Technic, LO Xerosis, 11 Cubic, 
13 Sebum, 15 LOL, 16 RGN, 
17 Lemma, 19 Venin, 

21 Edwin, 23 Green, 24 ClO, 
25 Sex, 26 Excel, 28 Servo, 

29 Weights, 31 Null Set, 

33 Regulator, 34 Konix 


DOWN 1 Math Curse, 2 Jacobin, 
3 Run, 4 Incus, 5/14 Jex-Blake, 
6 CD-ROM, 7 Insulin, 8 Nasal, 
12 Cylon, 18 Magic, 19 Venus, 
20 Neocortex, 22 Waxwing, 

24 Carlsen, 25 Sewer, 26 Ethyl, 
27 Lunar, 30 Set, 32 Lek 


Quick quiz #45 
Answers 
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Puzzle set by Zoe Mensch 


#53 Paintings by numbers 


When the famous artist Pablo Picossa 
held his final exhibition at the Galleria del 
Pardo, he wanted the public to experience 
his works in the order in which he had 
created them. Paintings from his early 
"Green" period were in room 1. From 
there, visitors should go to room 2 to see 
his Mauve works and then to the adjacent 
rooms 3, 4, 5 and so on, until they reached 
the Black paintings (generally viewed as 
Picossa’s darkest period) in room 9. 


os 
+ + 


Alas, no details remain to indicate 
which room was where. Yet his widow 
Bella does recall a curiosity about the 
numbering of the rooms: the three-digit 
number formed by the top row added 
to the number formed by the middle 
row equals the number formed by the 
bottom row. Can you recreate Picossa’s 
gallery tour? 


Answer next week 


#52 Bus change Solution 


The easiest way to work out the maximum 
amount of change you can have without 
having £1 exactly is to start from the largest 
coins and work your way down. 

You can’t have £1 or £2 coins, but you can 
have a 50 pence coin. Then you can add up to 
four 2O0p coins and still be unable to make £1. 

From here, you can’t add any 1Ops (or you'd 
have 50p + 20p + 20p + 10p = £1), but you 
can play the same trick again with 5ps and 
2ps, adding in one 5p and four 2ps. 
50+(20x4)+5+(2x4) = £1.43 in total. 


Our crosswords are 
now solvable online 
Available at 
newscientist.com/crosswords 


The back pages Feedback 


You leave me no choice 


One of life’s enduring mysteries 
concerns the existence of free will. 
Do we have it? Don't we have it? 
Feedback desperately hopes we 
don't, as that makes our columns 
much easier to justify to the 
subeditors. (“We'd have loved to 
make it funnier, honestly, but it’s 
out of our hands. Take it up with 
management.”) 

That's why we were so pleased 
when John Stephen Rymell 
forwarded us an advert he had 
come across while browsing the 
internet. Paid for by the charity 
Macmillan Cancer Support to 
promote one of its many laudable 
patient services, it reads: 
“Macmillan free will service: 
Register for your free will.” 

“| think that answers the 
question,” says John. “We're not 
born with it, we have to apply for 
it” It's an offer you may literally 
be unable to refuse. 


When in home 


In these times of global crisis, it 
can be difficult to know who to 
listen to. The US president often 
appears to contradict his medical 
advisers, the UK prime minister 
seems slow to respond to a fast- 
changing situation, and the singer 
Liam Gallagher thought he had 
coronavirus when it turns out 

his house was just hot. 

Many citizens of Italy appear to 
have no such problem. In a video 
compilation that has been doing 
the rounds on Twitter, a cast 
of exhausted Italian mayors 
variously implore, harangue 
and threaten their citizens to stay 


home. Their messaging is flawless. 


“Tsaw a fellow citizen amiably 
jog up and down the street, 
accompanied by a dog that was 
visibly worn out,” says one. “I 
stopped and told him: ‘Look, this 
isn’t a film. You are not Will Smith 
in I Am Legend. So, you have to 
go home.” Another responds 
to news of intended graduation 
parties with a warning that police 
will be in attendance. “With 
flamethrowers,” he adds. 


Feedback is willing to do our 
part to help people to do the right 
thing. Though we may not have 
flamethrowers at our disposal, 
our capacity for arch mockery 
is considered by many to be an 
equally fearsome weapon. 


Learning together 


The recent closure of schools in the 
UK and elsewhere has forced many 
parents to become impromptu 
teachers themselves. Home 
schooling is never easy at the best 
of times and these - as even Charles 
Dickens would have had to agree - 
are very much not the best of times. 
To that end, Feedback is happy 
to offer our own curriculum to 
all parents looking to give their 
children a science education 
at home. This week, we have 
chosen mathematics. 


The concept of zero 

Sample question: If mummy has 

4 hours to prepare an important 
presentation, answer 56 emails, 
write a draft paper and organise a 
week's worth of dinners, how many 
of these tasks is she going to get 
done? (Answer: Zero) 


The number line 

Sample question: If the movie 
Frozen was followed by Frozen 2, 
what would come after Frozen 2? 
(Answer: 15 more repeated 
viewings of Frozen 1 and 2) 


Geometry 

Sample question: If daddy's 
favourite plate is shaped like a 
circle, how many pieces can it be 
broken into by dropping it down 
the stairs? (Answer: Dependent 
on house layout) 


Algebra 

Sample question: If Jerry has three 
times more toilet roll than Susie, 
and twice as much toilet roll as 
Wendy, then why is he complaining 
when the store manager tells him 
he can’t buy any more? (Answer: 
We honestly don’t know) 


Exponential curves 
Too depressing. Ignore. 
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Reputable humour 


The first thing people doina 
crisis is spread false news. Ah, 
rats, we have only gone and done 
it ourselves. Sorry about that. 
We don’t actually know ifit’s the 
first thing people do, we were 
overreaching. But mass anxiety 
does seem to make people more 
susceptible to stories that are 
scarier and less thoroughly 
sourced than those they would 
read in ordinary times. 

In an attempt to track the 
falsehoods that have spread 
during the coronavirus pandemic, 
the media organisation Tortoise 
has compiled a list of some of the 
worst offenders. 

Some are just ridiculous (from 
yoga gurus hospitalised for 
drinking remedial cow urine to 
the claim that Bill Gates created 
the new coronavirus) but others 
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are genuinely harmful, including 
fake cures, doctored quotes and 
dodgy statistics. 

Always remember to get your 
medical advice from reputable 
sources, and your advice about 
medical advice from humour 
columns at the back of science 
magazines. 


Meta-feedback 


As may be obvious to you by now, 
Feedback thrives on, well, feedback. 
As chucklesome wheezes and 
laughable claims from the wider 
world become ever more valuable in 
these trying times, we would like to 
hear more from you: do you have 
any feedback for Feedback? What 
has made you laugh or smile? What 
has been keeping you entertained? 
And, most importantly of all, do you 
know anybody with an amusingly 
apposite name? ! 


Got a story for Feedback? 

Send it to New Scientist, 25 Bedford Street, 
London WC2E gES or you can email us at 
feedback@newscientist.com 
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The back pages Almost the last word 


Lend a hand 


Is there any evolutionary 
advantage to humans being 

right or left-handed? Does 
handedness exist in other animals? 


Steve Jacques 
Head of Anatomy, 
Leicester Medical School, UK 
Hand or paw preferences are seen 
in a wide variety of species from 
other great apes to cats, dogs and 
amphibians, frequently favouring 
the right but not always. Even 
fish have been observed to have 
a preference for one pectoral fin 
over the other, in this case the left. 
The reason is often assumed to 
be that the right hand is controlled 
by the left hemisphere of the 
brain, which is also dominant 
for language in about 95 per cent 
of us. However, this explanation 
is questionable because most 
left-handers are left-hemisphere 
dominant for language as well. 
An explanation that appeals 
to me is the idea that hand 
preference arises not from 
asymmetries in the brain but 
from asymmetries in the body. 
We tend to think that the body is 
functionally symmetrical, in other 
words that right and left limbs can 
be considered equivalent, albeit 
mirror images. But this isn’t 
actually the case. Consider the 
movement known to anatomists 
as “supination” — rotation of the 
forearm so the palm of the hand 
faces upwards. If you supinate the 
right forearm, this is a clockwise 
rotation, whereas supination 
of the left is anticlockwise. 
The opposite movement, 
rotating the arm so that the 
palm faces down, is known 
a pronation. Supination is a 
more powerful movement than 
pronation because it is assisted 
by the biceps muscle, whereas 
pronation isn’t. This is probably 
why most screws and other 
threaded fixings require 
clockwise turning to tighten 
them, because most people 
would rely on the more 
powerful supination of the 
right arm to do this. 
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This week’s new questions 


Reptilian skill Howare lizards able to walk upside down? 


Vritant Kumar, Nalanda, India 


Time to rhyme Why do we appreciate rhyming words in 
songs and poetry? How long can one “hold” a sound while 
waiting for a rhyme? Rod Tranchant, East Wittering, UK 


Could it be that our ancestors 
needed to engage in a clockwise 
rotation of their forearms to carry 
out an activity, and the fact that 
this is more powerful on the right 
facilitated this and thus favoured 
the right arm? Might it have been 
the case that once tools requiring 
clockwise rotation started to 
become more commonplace, 
cultural inheritance started to 
interact with genetic factors 
leading to an evolutionary shift 
in favour of right-handers? We 
can’t know for sure. 


David Muir 

Edinburgh, UK 

The fact that approximately 

85 per cent of the population is 

right-handed indicates that there 

is an evolutionary advantage. The 

fact that 15 per cent is left-handed 

signifies that being so isn’t 

particularly disadvantageous. 
Iused to feed a pair of carrion 

crows, and the female would 

skip to the food leading with 

her left foot and hold the scrap 

with the same foot to eat it. 

The male would lead with his 

right and feed with the right. 


This “handedness”, “footedness”, 
or more correctly, laterality isn’t 
uncommon in birds. 


Chris Daniel 

Colwyn Bay, Conwy, UK 

There is inconclusive evidence in 
the scientific literature about the 
advantages of being left-handed. 
However, some studies show that 
left-handers have a greater facility 
for languages but perform more 
poorly in maths. 

Iam left-handed and havea 
career in science and engineering, 
but my otherwise identical twin 
brother is right-handed anda 
professional linguist. If the above 
studies are correct then we have 
both been in the wrong jobs. 


Linda Dow 

Berkeley, California, US 
Parrots have handedness, or 
rather footedness. They are 
zygodactyl, which means they 


What enables a lizard 
to walk upside down 
on the ceiling? 


have two toes facing forwards and 
two facing backwards. Most birds 
have three going forwards and 
one backwards. The orientation 
of the toes makes parrots good at 
climbing and picking things up 
and holding them. They often 
pick up a large piece of food 

and hold it in one foot while 
eating it a piece at a time. Most 
are left-footed. Whichever foot 

a bird uses is almost always the 
same. My cockatoo is left-footed. 


Aural enhancement 


Do people with bigger ears 
hear better? 


The editor of this page, 
Julia Brown, writes: 
The function of the outer ear, or 
pinna, is to amplify and channel 
sound into the ear canal. Bigger 
ears will do this slightly more, 
but since the pinna amplifies 
sounds by only about 15 decibels 
(for comparison a whisper is about 
30 decibels), any change is too 
slight to make much difference. 
More important is the shape 
of the pinna. Its folds have evolved 
to specifically amplify frequencies 
of the human voice. The pinna is 
also important for pinpointing the 
height of a sound, as researchers 
at the University of Montreal in 
Canada found when they played 
sounds to volunteers, first without 
and then with silicone moulds 
pressed into their outer ears. The 
moulds made it more difficult for 
people to tell whether a sound 
source was above or below them. 
However, after a week of 
wearing the moulds, everyone 
regained their ability to pinpoint 
a sound, indicating that their 
brains had learned to process 
the new sound pattern. & 
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We experience reality all the time - yet we struggle to understand it, 

or even define what it is. Let New Scientist be your essential guide to this 
most essential of topics as we delve into how mathematics, fundamental 
physics and our consciousness combine to define the world around us. 


The first in an entirely new series, this Essential Guide is available 
now. Get it in all good retailers, or buy it at shop.newscientist.com 
and have tt delivered to your door. 


The back pages Q&A 


What are you working on right now? 

One thing my students and I are trying to do 

is determine what factors cause proneness to 
boredom. So far, we have found that different levels 
of self-esteem and self-control at one point in time 
predict changes in such proneness at a later date. 


How has your field of study changed in 
the time you have been working in it? 
The biggest change has been a significant 
rise in interest in understanding boredom. 
We are starting to see people deploy the tools 
. . of neuroimaging to understand the brain states 
We are only Ow beginning to associated with ee too. This is in its infancy, 


understand the science of boredom but exciting things are coming out all the time. 
and that makes it pretty interestin ; ; ; 
Pp Mi 8 Whatis the best piece of advice anyone 


Says James Danckert ever gave you? 
My dad has always been quick with an aphorism, 
so much so it is hard to pick one! But in my 
mid-20s, I told him to stop doing things for 
me and that I needed to stand on my own two 


So, what do you do? feet. He looked at me and said: “Jim, I’m nearly Ml My fam | ly h as 


I devise experiments to test ideas my students 60 and I've never stood on my own two feet.” , 
and I have about human behaviour. We use a What he meant was that we always rely on Sta rted Ma kin g 
range of different tools, from questionnaires to others to get through this life. iT oon 
in-lab experiments and neuroimaging, to better OUr apOCa z | ist : 
understand behaviour —in our case, boredom. What's the best thing you've read or seen th in g swe nee d 
in the past 12 months? 
Scientifically speaking, whatisboredom? = Acomputational modelling paper by Yen Yu and to lea rn to 
Boredom’s role in our lives is to signal that what his colleagues. They created two computational 
we are doing now is unsatisfying in some way agents — one driven by curiosity and the other do befo re 
and we need to do something else. So while it is by boredom — and set them a virtual maze-type th ez0m b r e 
unpleasant, boredom is most definitely useful. task to see which learned best. The boredom 


A life without boredom would be a life of inactivity. agent won! This great paper shows that boredom a DOC a lyp Sse 
If we were never bored, how would we choose to functions well as a drive to explore the world. " 
change what we do from one moment to the next? descen ds! 
How useful will your skills be after the 
Are people getting more bored more easily? apocalypse? 
A recent paper did suggest things might be getting My family has started making our “apoca-list”: 
worse. They tested high school kids and found that things we need to learn to do before the zombie 
boredom was increasing across grades, peaking at apocalypse descends! It is along list, but the 
around grade 10 (age 15 to 16). But Ithink what you internet will be down so we must get cracking! 
really want to know is whether boredom is worse Science is all about creative problem-solving, 
now than it was 20, 30 or 50 years ago. And we just so I would like to think I would be OK in the end. 
don’t have the data to answer that. 
OK, one last thing: tell us something that 
Knowing what you do about boredom, will blow our minds... 
aretherewayswecanbecomemore Animals get bored. Perhaps you have seen it in 
engagedintheworld? your pet, but Rebecca Meagher and Georgia Mason 
This question is a little like asking, “What makes actually showed it to be true experimentally in 
people happy?” The answer will be idiosyncratic mink! House the mink in non-enriched cages and 
for each person. David Morgan was considered they will desperately approach anything novel 
so boring he was in the Dull Men of Great Britain you show them - even things they would normally 
calendar —he collects traffic cones! You andI might avoid, like the shadow ofa predator. I am always 
think that is boring, but David finds the nuance amazed by the clever experimental designs of 
and history in each cone fascinating. So there is no people and this paper blew my mind. ! 
specific answer to what you in particular should do 
to engage more effectively with the world. What James Danckert is a psychologist at the University of 
boredom is prompting you to do is to think Waterloo in Canada. He is the co-author of Out of My 
carefully about what matters to you. Maybe it is Skull: The psychology of boredom, out later this year 
traffic cones, maybe itis 18th-century board games. PORTRAIT: UNIVERSITY OF WATERLOO; ERIC ISSELEE/GETTY IMAGES 
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conflicting and confusing. Our weekly newsletter gives you the 
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the latest covid- 19 news, in your inbox every Saturday, carefully 
curated by New Scientist health reporter Clare Wilson. Clare 


Wilson 


Keep up to date with the latest biomedical 
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